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(FILE 1 HOME 1 ENTERED AT 11:08:05 ON 14 AUG 2003) 



FILE 'MEDLINE, BIOSIS, CAPLUS * ENTERED AT 11:10:11 ON 14 AUG 2003 



LI 


207225 


S AVIAN/TI OR CHICK7/TI 


L2 


31 


S LI AND SHELL/TI AND FORM7/TI 


L3 


16 


DUP REM L2 (15 DUPLICATES REMOVED) 


L4 


29 


S LI AND SHELL/TI AND DEVELOP ?/TI 


L5 


20 


DUP REM L4 (9 DUPLICATES REMOVED) 


L6 


503 


S LI AND SHELL/TI 


L7 


443 


S L6 NOT (L2 OR L4 ) 


L8 


310 


DUP REM L7 (133 DUPLICATES REMOVED) 


L9 


6 


S L8 AND REVIEW/ DT 


L10 


6 


DUP REM L9 (0 DUPLICATES REMOVED) 


Lll 


1265 


S (AVIAN OR CHICKEN) AND (SHELL) AND (FORM? OR DEVELOP?) 


L12 


18 


S Lll AND REVIEW/ DT 


L13 


18 


DUP REM L12 (0 DUPLICATES REMOVED) 



FILE 1 STNGUIDE ' ENTERED AT 11:23:12 ON 14 AUG 2003 

FILE 'MEDLINE, BIOSIS, CAPLUS' ENTERED AT 11:25:41 ON 14 AUG 2003 



L14 24 S Ll AND EGGSHELL/TI AND FORM?/TI 

L15 12 DUP REM L14 (12 DUPLICATES REMOVED) 

L16 732 S (AVIAN# OR CHICK?) AND EGGSHELL AND (DEVELOP? OR FORM?) 

L17 18 S L16 AND REVIEW/ DT 

L18 16 DUP REM L17 (2 DUPLICATES REMOVED) 

L19 1581 S (AVIAN# OR CHICK?) AND EGGSHELL 

L20 39 S L19 AND RE VI EW/DT 

L21 21 S L20 NOT L17 

L22 20 DUP REM L21 (1 DUPLICATE REMOVED) 

L23 4796 S (AVIAN# OR CHICK? OR BIRD#) AND (SHELLS OR EGGSHELLS) AND (DE 

L24 68 S L23 AND REVI EW/DT 

L25 64 DUP REM L24 (4 DUPLICATES REMOVED) 

L26 12 S L25 AND (SHELL# OR EGGSHELL# ) /TI 

L27 2206 S (AVIAN# OR CHICK? OR BIRDS) AND (SHELLS OR EGGSHELLS) (10A) (DE 

L28 35 S L27 AND REVI EW/ DT 

L29 34 DUP REM L28 (1 DUPLICATE REMOVED) 

L30 26702 S (SHELLS OR EGGSHELLS) (10A) (DEVELOP? OR FORM? OR PRODUC?) 

L31 26667 S L30 NOT L28 

L32 731 S L30 AND REVI EW/DT 

L33 696 S L32 NOT L28 

L34 3590 S (SHELLS OR EGGSHELLS ) /TI AND (DEVELOP? OR FORM? OR PRODUC? ) /T 

L35 123 S L34 AND REVI EW/DT 

L36 8 S L35 AND (AVIANS OR CHICK?. OR HENS) 

L37 8 DUP REM L36 (0 DUPLICATES REMOVED) 

L38 1827 S EGGSHELLS/TI 

L39 2177 S SHELL/TI AND (AVIANS OR HENS OR BIRDS OR CHICK?) 

L40 456878 S L38 OR 39 

L41 3946 S L38 OR L39 

L42 62 S L41 AND REVI EW/DT 

L43 54 DUP REM L42 (8 DUPLICATES REMOVED) 

L44 105 S PARTHENOGEN? AND (AVIANS OR BIRDS OR HENS OR CHICK?) 

L45 83 DUP REM L44 (22 DUPLICATES REMOVED) 

L4 6 5 S L4 5 AND REVI EW/DT 

L47 2 S L44 AND (SHELLS OR EGGSHELLS OR CALCIUM) 

L48 2 DUP REM L47 (0 DUPLICATES REMOVED) 

L49 21 S PARTHENOGEN? (10A) (AVIANS OR HENS OR CHICKS OR BIRDS) 

L50 19 DUP REM L4 9 (2 DUPLICATES REMOVED) 

L51 1 S L49 AND (SHELLS OR EGGSHELLS OR CALCIUM) 

L52 8630 S (EGG OR OVA OR OVUM OR EMBRYOS) AND (AVIANS OR BIRDS OR HENS 



L53 0 S P REMATU RE / T I AND EXPULSION/TI AND EGG#/TI 

L54 6 S PREMATURE/ T I AND EXPULSION/TI 

L55 5 DUP REM L54 (1 DUPLICATE REMOVED) 

FILE 1 STNGUIDE 1 ENTERED AT 12:58:09 ON 14 AUG 2003 

L56 0 S POULTRY AND (SHELL# OR EGGSHELL#) 

FILE ' MEDLINE, BIOSIS, CAPLUS 1 ENTERED AT 12:58:50 ON 14 AUG 2003 

L57 3192 S POULTRY AND (SHELL# OR EGGSHELL#) 

L58 1930 S POULTRY AND (SHELL# OR EGGSHELL#) AND (DEVELOP? OR PRODUC? OR 

L59 687 S L58 AND ( SHELL# OR EGGSHELL#) /TI 

L60 23 S L59 AND RE VI EW/DT 

L61 23 DUP REM L60 (0 DUPLICATES REMOVED) 

L62 42 S L58 AND REVI EW/DT 

L63 19 S L62 NOT L60 

L64 19 DUP REM L63 (0 DUPLICATES REMOVED) 
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STIC-ILL 

From: ' Wilson, Michael .• /) ^ 

Sent: Thursday, August 14, !003 1:09 PM &7 C"^7/V **\ 

Subject: art req. 09/784575 ' 

Sarvella, Poultry Science, 1971, Vo . 50, No. 5, pg 1626. 



Tl Parthenogenesis in birds. 
AU Astaurov B L; Demin Y S 

SO SOVIET JOURNAL OF DEVELOPMENTAL BIOLOGY, (1972 Mar-Apr) 3 (2) 95- 
111. 
Ref: 85 

Journal code: 0315573. ISSN: 0 049-173X. 



Tl Eggshell formation and bone-tissue metabolism in 

laying hens 
AU Mazurkiewicz, Michal 
CS Wydz. Weter., Akad. Roln, Wroclaw, Pol. 
SO Medycyna Weterynaryjna (1976), 32(10), 628-9 

CODEN: MDWTAG; ISSN: 0025-8628 
LA Polish 



Tl Egg production. V. Egg shell £ nd composition of the egg 
AU Siewert, Eike; Bronsch, Kurt 

CS Inst. Tierzucht Tierernaehr., F ! eie Univ. Berlin, Berlin, Fed. Rep. Ger. 

SO Handb. Tierernaehr. (1972), Volume 2, 645-58 Publisher: Parey, Berlin, Ger. 

CODEN: 17YSA6 
LA German 



Tl Physiology of egg shell formation 
AU Tanaka, Kousaku 

CS Fac. Agric, Kyushu Univ., FuLuoka, Japan 

SO Gakugei Zasshi - Kyushu Daiijaku Nogakubu (1972), 26(1-4), 

CODEN: KNGZA2; ISSN: 0368-6264 
LA Japanese 




Michael C Wilson 
CM1 12B05 
AU 1632 
703-305-0120 
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jhi^t&&3£t& (Scl- Bull. Fac. Agr. ( Kyushu Univ.) 
m26& »l-4* 331-350 (1972) 



m & & j& ® s * 

Efl 4» if- f,-: 

Physiology of egg shell formation 
Kousaku Tanaka 



£tfW»# lM) ' *l#tttf£ffl^i:5iIK©*• 14,,, "' *>3§£T 
set. *jj;0fWfti?**<:i(D2j*l**Aif6ns. 
{ J t ^ £ ©I?Jfltt!!S&t&*i * t Sfl&gfictt 5 
t?3ii?PfHilKH«b. *©JHHI+'lc l~ 3 * 

©*©ss*?5P£. zsjiff&immBom^mmKtt 
a. sua©*: » k»±» < « u-mm-e&z t i ■> 
^faKS&u £<©w»*«Mi:ufcja 

*, t<tc^©j|WMB3&i4*U<fiTLfc. b*>4 
ttSft. ^*MJB©#teioT*3tE©BH&*ttfcl/ 

raster 

D. e©OTfc#K##x3ail©1MBf. ,m "' 7jc#© 
^i«a«^©^Alalh ,,, fcitf a ©tfcjg 

fi ©**«*"» l>fc**oTAWi 

UT©wfcMfcHT awswft w« b < £ < us & 

/ c £f,o f f^p©^aafl?j#a6^^»T, wanamiziAiit 
s*a¥W*»e§ *»6 LT±*E©gfc;&»f * c t 



sm**j j: cK*feujttaft^»»» *> e> * ©WW »c a /; o 

■t>*»ic»TLTE©3SWKiesi'i*att*ai^^^* < 

f>?gKiiM-r *©iaste#pH9:^j&i&j^&i 

fc-p &©fc3§*.*>*lTO*. 
|*S©jl3ttjAfe&~Pf* 8~iOcm"»""(0P1!f£fi 
©S® 13.4#" 4 >) T?, ^©SP(ftK*f«j , S5P©ifiiafl'f'!ai 

w&a&t t t> (c«HK©ff«uK un-a-t&ao *>*#fij 

b. flg±SW8a (gland epithelium) (4 Zenker- 
formol&fe{4©IS&TW:SftT^;&J<'> KKfti 
H«©HStf*8B»&tt4A*. C©*Wft*SPi»*aiill-r* 

*. l43 ' t ©tffiffflH****- 7 ^> M3,J f ^ 

w&^j&K'Mite'fam &> ~6 1 >i± * ©fluo^-Hfi'j^n 
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tn 4> * <fc 



ffiCD^-Y ^ > CCu**) 1 ") ^ ftjv y (Ca ++ ) 

?^«w^±scDi^ 16^ »> , 2u) z&mmt 
s-f*i»6afttj:<j8*uTi-»a. , "» rasii^^ 

: ?g»i^©Sfl§Si5i>f.ttiT^5 3-?©»flR*>ftjflijKtt 

TO*. ^©^Kj^^ttfigJcol-^TfiSturkie 1 "' 
fc±tfHodges"»»©«ft*Rja3ttfci-». %1 Hi* 
jta*tt*&©tt«*^Wl£j3*bfl: © 



ttKT 




mm 



-fsrtti»<ittic»-j-4ifiijift^©aaBi.Tf> 
£ £ i (cffi«Bjg t auebfc«8R © f,n 

4. fB2H«c*3fi*J:5K. £«gSB*>&A-3T3fc 

581 m$.®w&mim® n«ci > £ o 5 4 * * . »« 

-7-S«© Ca gffiaftl&ffj: DiS< , ,67) r^* ? 



t A.Tt 




MR*** CQO.) 1 " tttt©WWWttR:it«bT4o 

11. $mmt9m®mm. 



©JPSfct&Mw" 4 ' £ INSULT 2 B»c£a(Jtij3fE 
5**, cn%^LTt^5^j(i©ES«^fJl©^injfz: 

<z>&ft®®m®i±&mv9m<onmmAL cm 20 

KSmimtnTWrn® CMammillary core) 
&J&5£bTO*. $.tz, CtliiifB&ttzi'C&mijji' 
is* J*1)ii]»*M V (CaCOs ©*:firg5R) £ bTft 

61,163)1941 c ©9UHKfi»9nit^A © SWrlcffioTa 

S.fi>in>iM>i»> §£ }c> 50ig©ttif££ fefC, 3> 

K o 4 9=- >Slt®K$& bte£tMM*£tr/.hft©C&K 

**4M8sfts**, ,,M t©Ba«ttr^=>, **^* 

f#gt?&S.«> C©#JMfeli matrix £fftffts#i© 

^e^bTfcb, *©mKjfc«jM<5/»Aa«HEHFi,T 

x#^i>-m%l&&V, (0.26~0. 36mm" 7 ») 

©*a»*dSft-ri>a. w»©^»cii^<©f)A-(fc 

, % , P87G2S*£tr/.Mft © I0g^ e, &oto 3 . 1S,> 
— 2T. 5P82©t£g©— o tLXxtf>i> -JBK*t?L** 
^ffl!IgflP®©BS«*& 15~65 /<, T»©*ttfi 
6~23^ T?^©SK|±5P !) 7,000~17,000ffi u " 

■ M)i93) ii>t,ft, ^^|ce^bTl^ ,5 »>'»s >(ST5 





6«b, ! 

C C.C 
^) Vfttit 

mmii i9~2os 

©tt^ftt^^c < 

* M, *«. awe 

s < £f>T\ ^ 
1.3«, Ca 3 (P 

$n to 5. 130 

*>T&l 9f 

0<igg£gi2 

ill. 

D , 

Riddle and 
Ca O^ai^sS 

1"*^. it© *ti 
©^JCC© 
S*Ttt Ca 
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'- ~ap««(H-IB) - ~- 



-T-T-~~ «ttM(rtffl) ~_~_~_r_~ 
M 3 E. IP $ © $ if. 1,01 

ffllBttl9^20eiBT?*8**. dMD03~5ISBII±Ca 
©tbittiMc < , «•»««««« % ©H^g-^gS®©* 

S'"**, K0©tt 2B»mff*> £ iiftictt<»? 

8 < fcl'vc, *© 5 ft CaC0 3 • 93. 7#, MgC0 3 • 
1. 39S. Ca 3 (POOa • 0. %%, • 4. 2#*> f>fi£fi!4 

f < ®s £ na*>'* * £ ^t>nn> * . ib «» 

III. #S*^*y*?J:afe^ ^ y 
D £ Ca ftl» 

Riddle and Reinhart 1 "' « 2SS®^4'ffif ifilFfi 
Ca ©SEHifcSi^fclS*, UlcfefTtt^POJWBJ^ 
i£M#J 123 ft Jfil* Ca ttfl&icjlfti U ft 2 

W (*©*?» *l*a«2fl) tMMtt&a<gT*9 

■r*>*. *©^iili£A£jB»btt^«:fc*lBj&b 
fc. ©6»cei©^lft4wf ©l±*j'Uc^3gjTOCa T- 
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MS** *>AM6Kt Ca ©^ffii £ n*ft<ZV< 

mK-o^X i,mtt> t>ilT^?>™ Hi, jfoffi Ca t p © 
if tntegSPMte© 2 - 3 jllHM*> fcStoft 5 • 3 '"°»<«> 

Xlftft** *>ft, 4l0 > t©^S«TS-:Ca« b AgfiM (?- 

^©ii-^fiSSg) f>nTO/<cl\ Common 321 
Htt©tt29iatfcb>6jfiiFfi Ca 4>*lWp-f 5 t i*»K> 

s fc i t »c, g9PSiK(i ca fmmamsi Ca fi© 

70~75# * Titiq b , £#ftib K i o T?f Ca 

mm'Ptz tm&btz. mzt<D± skm* ca © 

^tt»HSItt«©Mjl>*> Ca ©iSSiJ^jffiic «t 54© 

x^hoyvoa^jia, »•»»») *j,t 
0f*l>5" M ©jlllif> Ca ©i*Jq*«J&f S£^5*ft 
s&J&Sflf:**, Common' 6 ' fijfcsK&sfigtti;* h oy 

bTfcjfoF£Ca £ P ©ftlU5£/u£'if;tjnbtt<,->b. 

^^^^IB^FfCjg^b^a-^O^fCjfii^Ca £ P ©i@ 
WW^tlS t £ *§8 bfc. ^SP^fUdUT 

laani^i-s^x h uy >#siaB!^asjfoffi ca ©^ 

*^-rSftf±*©*vi'*>©^©iB©jj: c t ^ 4 ©-c/j: 

t,\ b/:*^T, msmo>7*t> y y •r-^**^ 

©flttSi^ n©»&J: ») *i-< C £ 34, (±^(Ji«i^$ *i 
5. t©«t 5^M*^*>©tSHftffi©^(±W?>*> 

Ca <D®m%U'P$ 
6T»© Ca (Ri|X^*Afe5 631 ^£'©fpffl»cj: f)^© 
Ca U-^l'OJiJnJC^bT^^©-! 1 *^) 1821 

(E5i-r5^*i$) t) , Ca {i£®gag£2g-£bT9f! 
mtcsmb53lia©ij!cfi{z:KitbT^2,©T-. ceo*yu 
*>©g:-§fz:«t Sjfrffc Ca ©lii)PfJ±fC^i2^ftt Ca 
©^8l £ bTItiflt < 5. 137 » {£ Ca J: V 

1 >DM^<D^mi!k^ Ca <DWP*ffiStZ> 
/:«), Ca »***:«QflftW£>0WJKi©a5T^tdt(S~F^- 
5. £©{**>, jfiiFf Ca u^ou © ffiT(iTS#:*> f> 

© gth osmztmi-iKob nz.t>nT*s>). 

^IfBtti { *5. b/;*>-PT, ittiP^ Ca (D^frti^Qtm 
&#3&Ca ©^i)£^roT^t>n^. ifc. «h 
p y > £ T > I * a ¥ > |.i ? c (DM %<D WM V Plti I C± o T 
MS# (Medullary Bone; MB) ODBliZiCm^V'C 
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m + tft ft 



1^3. 

/^V^V (PTH) 

fc(D(± Hutt and Boyd 911 T£>^5. ^£ ?> f i C. 08§ 
PTH Mft-SfS *5r* = - CttffiSE) fij&fcU 

ffi5B*iiE««:a»r*ct*3sabfc." mm Ca 

ffl^a.^i^7t^p^ K*fc«J^Mx» (PT) 

i±mxw™ pt ^^-rs iiB ca Mmoimmm 
ira***&*v s)i7 »*« &za$m ca ** pth (cbss 

0Tl^5 aWtt Ca £ PTH iCDH*^ 

ii negative feedback ^4HO^> t^fLhtlT 

©Ai* ca aftiSiciKra u, 2-3 BSra&Ktttt 1 ^ 

initio U^^l/fCtt * *S, «y»Kte^Ttt « 4 & * 
S&gE4fctt81^&*Uc^. cod: 5^«stl(tt©ia-e 
PTH^«i-4Si53&^S<li/j:S6D«i, PTHt^x 

±#$#vrxwmmm®it<Dm&i>m<, pth k 

Jlil«*icftfif$n5 t £ , *J £0? PTH u £tc &® 

# (cb) icftsfl! -r* t t u^Ma# (mb) i 

atfftt Ca 0SEiR*fi/x5*>', CCD MB ttJHgJilc 
PTH %a^Ufc«'^, jfo* Ca u^**K 

36r 
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2 2 < 

F 20F 

5 14 

f 



1Z 



10 



2 3 4 5 8 

fc'j-ii cat 1:11 

•*5 y v!ft-fej:cD^p. i»8> 



tt. PT ©*5§£&*©RrtBiii: 4 PT ffl^AJ 

Ultimobranchial Body (UB) K C 

«ftl/f:jft*J©8fifeiN±'Copp pt 
&SMfcKooT8«>&tt"U->J5. »»c*ji->TJ±iiJtKi 

1)$>Z. M>«t)ioi>iM) ^ , Fleischmam and Fried 

«> «±x^ s oyvicioTisiasnfcjiii* ca 

U Moseley er a/."«> & tti&fg&fc. An- 
derson and Consuegra 1 ' (i Isl I apb^JK 
@ (Radiothyroidectomy), {pRm^, UB fci 
Of PT Rfc*K J: S&lktg£*> 6 . ^tWK 4 jbffi Ca 
1/ -oi> £{ET $ fWB*«* £ £ i &|Stt L/. t-fn 

UB ^©HjSK-o^T Lloyd and Collins""' {i^ 

^S^S-^-fS 1 1 ~ 2 ^fRB^tcjflif^ Mg u-'sVVj&^S 
TfSCi*^,b, ^©^©HKM^fe CilZBib 
* iia^fcUB«Mg ©tBJBttlcH^l/T^iiii* 

%U t> nrt, > Z . Urist 1 ' 61 {iffi Ca *j j; tfffi t* ^ S >D 
ffi) MB »cgg-ffc;©^£t,-»tt*Ha>, 



b, CfLiix 
m-t**^ 54} 

c 5 c t «a» 

Rfll!*>& Cai 
#f tt Ca ©ift 

CCDJSStttiei; 
*i5. — 3£». N 

al. IM> {±{g* i 

"* 'J 

Ca «»4T 
T " cage-lay e. 

5'. 101 C©ffit 

T?**. b*>L 
3- — a»i "pitt 
^ 

tts." 31 en 

l/T GTH CDi 
S38f±. fiCa 
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aots 5 .rcBflrt" « c £> *5io»fl»ic acth & 

•U Cni4x* h oy>jcj;-oTTS#:*>^© FSH 
0»fif*«i«-r*Siii, ACTH ©£«-*&» U:# 
5 &JBBI/K. Urist and Deutsch 1 "' |4B 
fflBlc a -T^/:/ IWCW. 
ttBBtt§(K©itfti**J: PUff iWBWff ©»»#** 
CZCtZmtb, *fc. B#tt£©ittP/.cblcCB© 
RAO** & Ca*q?K<K§n* ££%}§*& bT, jfktrfia 
tfftt Ca ©jiftlt4*©**«:'©E£jWlK£ 5 & © 

ICfcl *T1| WtBlCfl UTffiifttt*>'^ $ *ITI "» « ©T. 

4>3. Mueller et al.'»> ■•ti.WMt*» : e> (7 

tei. wmmmmy-f set *«s"i/f:. Kutas et 

al. 1BS> fii5* 9 * xtm*1&*\s1zmic. ACTH 
X-f S £ jfilFF* Ca B&I4KT b. 2 BH«fl:i4£{Sl£ 
tta c £ , *j i 73B!K^jfiLifisiKB£©JHhi$ & 

fcTi«fcbfc. ««£*©»«£ bT, ACTH {4 
9 9 a. ©&B&4i£u y 9 ^M&o&B i 
.^fi-STfflKfcfctf 5 K + £ H* ©3»*iP3»»cfitt 

ttfiattfc&Ji!© ph fiffiT-rss®. jftse©a^K 

Ca ftB £ TS#M3i £ © SaTS* & 5 BR £ b 
T "cage-layer fatigue" iPfWfft* J,©****. C 
©!Ett*4o»©*jB*iif Cn-Cl-****, 3&K©# 

£©ffi#H:*H,T2o©tt***;5.»»» 1-314 

■»©»**» & BMrc&tt *ti*vm*»*> ©rwn 

#Ca ©WRfc*ite^#ft*£o$ii54 
— 314 "pituitary cut-off mechanism" tW\£ft 

* 4©t»**.' xm » ,t> -ttttt, msmw& ca m4 

£*©W4K*©W*BttLfc©Sttg-J-* 
**. TO^tt«KDSBtt5*f7tt9&BBf4ftBd 

#i'8. IM> tniijfli*©ffi Ca u-'-ouj&iTSttfcttUB 
bT GTH ©^»«mtg b, M99fc£ * Ca ©a9c*> 
$a#£«BbJ: 5 £?-S8Hre. ±3£comK&m.-f 

f:a>»c*j d fcgifrc?* s £-9453 § nxi^s . 

BBBtttt 4 i fx < H(i 1 fl©iE1SW*BHl-r« © 
'icBSSBiK J: 3 Ca ^»fP»4JBRff© Ca J&-f^T 



©Ca g m Isbimm tUbM* Ca u«>, {g Ca 
*JtS5 ®)Ri^^© £ ^ItStt iSfn? "pituitary cut-off 
mechanism" WffiibT^9P*>* 1 — 2 B^lhb, Ca 
©M3B4 it «:*©«»*« "on" rca* tsSiSft 
& If, C ©H^*^©ffi^^W© >5»f «fl|JS b $ 
St£«>M^$n3. 

< >D»4B«*>^ Ca ©R<X*i <t*!&KT 
SP^A>ja*fitl©J: 5T*5. Hou 82 ' (4, 
g|© Preen gland iqjau^f D-«>'i»^n, 
£*!.*»* l/Ttr* 5 >D^©B«*^*.8 £, 30Sg 

S»K{4t*^ ? >D<DMm®)'gt.mLt>nz^*?'x 

fo-^i^u Preen gland ^(^i-t 5 £ Hit 

fc'£ 5 >D©MfS^®i4 Preen gland T*ftf>n 

? >Di>ifthilZ®X'3r>z>o tfflsL,tz. n > m<DBi!8 
l4^T-at?nT*3 ») , 3fe*£tf»vfti. ±a©J:5JS 



IV. #P»^fi£{c*^5«|©# (MB) 
(CB) cd^»J 



#©BfiR»43Elcr/<^-( H4»6)tc»). cnii Ca 10 
(POOe COH) a KBffilyfc/>JBBBjft* 
CaCO 3 ©^fl|ja l « O) *ifr£-r3§0^©*yW-9-^ h 

2 kg oemam lOO ml ©MiK^feoTfSK 
±lfilSI' : t't)-f*>fC 25mgOCa b*>^bT^/<ri,\ 
1 "» HKlCjHK©BB(4i» 5gf, ^©p t, 93. 7# 
(4CaCO a 4>S^T*J Ca ©SS£ bT(4i^ 
2«TA5. I0©?S?§«SISI(4^ 20 mfflVib 5 *>\ 

nis{i:t4if& 15 mmti msm&cDtzibte R$nri->* 

©T?, C.n*>^W-|Kt-8 £ 1 ^©jEf&W&^B-f *© 
ICJlil»Ca'f4-HRdt»tt»LTb*3C£KttS. <^ 

ffiUfrZVBL&Vtz Ca ©^J$fi^ 1.8g/B*" £fS 
t£ t> . 1 ffl©PBa*^|-r S ©It 1 B ^ t) 0. 2 g © Ca 
B9Pi!K Ca ©St± fc-fA^i: 
20—25 g""-C. -5-©5^ 97.2~98.7^{4#(^a:t- 
5."' Morgan and Mitchell 12 " (4ffi^4 Ca ©KK 

immtsm ca s £ ©nffi«n^^e#. isa>'i?p 

Ca ©ffl|flf4ftt () , BP(99(iCJ: 3 Ca ©/> 
■CI4»* Ca * 44>tt »4tH*?c < /.C 5 £«S b 
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EH 4" M fP 



Taylor and -Moore 188 ' fi, ffi Ca 
SfLTfrh 6ffi^90-TS^T'CD#O CafifcgJ^b, 

mwm&omtMzt t &ot#© ca a® hMtwp 

lsT^Z,Cb%Wtt>K- Ltzti-OT, 50$ Ca* 2g 
£ b, m®i)>hcDC& ftftft (gfffi Ca *£4fcl"0 
* l-8g fcfftfc&tf.- 1 ?7 ??-g>BMtt*'9ffi0 t 
$-&K*IH© Ca ^5>*l;i;¥8!rtC&ft (Taylor 1 ' 1 ' 

Kyes and Potter"" (JA|CDSSJi!!:£J§abT#CDS 

*JS#iafl£i>' MB T^ft-co* t ifc^fcTb. 

comb ^Kisses ftTtHsw-s im^aauas] 

IC4 >^oTS58|-rsc.t4'B§i3*»KUfc. Bloom 
et a/. 17 ' & tn*S«>5 ilfllHSrc. MB ttSHKJgjftrti 

i±ai2OT»': , oi->T6IISSn*ti*tt(EU CCD 

MB ©^U«5St#i!8Iiatig'i'«BBS©XSCDm^i:l8a 

n i,,s<) aerate© ft 2 jimiitn: tbab b& 

fc!t**©P/N ttffi<, #ft*«3tttfi*©ifcf4Hf< 

^•jifesMftMBttCB i t) 4i < t<ffc;$ftTV3. 159) 
J:oTJgj5E3ft, *#ffiT?(i^3»OJ: 5T**." ma) 

£^#»©fflSAm&nt-*£t i7) a>6, hoy 
ffi & r <*n, mb &nmtz- mmmm *>* mp-rze t 

(Jfilf5*i < -T-S). 1 " SfcffiJE#ltH±iFaMB {±?¥ 
£bfc!,\&>*tft£#fft tlfilffifft^iSllD b MB 

Af o t z ©awa-m^i* *>-pfi* 5 a>'MBj&jjgj8§ n 

aSlti-sTtoi 4 J: ^fiSSftfcMBfc, gspgg 
^HS«r©MB K.Jfci)#-f S i^©^*i«5A>i!i-rcn 
TOft Ct ^nf.*^^>£l^).©gS*iMB3g 
$W5bT^ft BJflBtttf* 5 . 170) 

MB t± CB «t >)/J>^< i 10—15 ^©n^EJ$s^ 
*^b, MSPFf MB Ca ©4>/j: < £ & 70#f± 12 HH 
«Sft*.&ftS tl-»5. M> -SCa ©®iGJg&;*: §a ve- 
rt* S>3rfi, *B#, E#MB>^M#SKSi5>IS# . 



Kffi. ±J8#&K3&. <0Wft»*S.»» — MBjs 

cb fiijt®i:bTP^<^T-i,->s*i, ctnmm>> 

tl'5. i!1 "Ca *BW&Kft& > r«&. 7ilia^lC 
*»t^T fcjfliJ* 45 Ca ©©ffii D 4 MB ©*ftfi:2~-3 
U CtiJ±MB<OJfil-»«iKiaiE**>^-f 

ft£t©»Ca fi, «Ca-*CB«Ca ©jgg.fcjg 

TMBKsrj&tft a tsn-u cojr^^bx 
MBiiM^n, mwmmmmtir^zbs, t© 

MB tlP^^iiOBS^Ko^Ta^-rbfega^^T' 

JP-T 5 Kfi£oT CB tt^fft *>'. . MB ©filJK^Sti 

5E#J80. — Urist er o/. 1 "' (igJipSIJC PTH $ 
tjft»»fi»ca*»Ca(DiKni*Ba». 

&fi PTH ©^JIS#fiM#©CB ©F3ffl!lS^*JOT 

cb \zmtzwrM8miw*>s>tiz c t*fit&Lm 

Wffi Ca (± PTH ©f!|il©«, iK&St j&t&bfc. 
cnnyWJt Lf:'8JiJ»4iE Ca ^^©H^Kfei^T 

h. t> ft ft l » 6, *>% PTH ©*£&-£& ^ J/ fCffi Ca 
«©lfr«tt i i (&£9ttlBOJItt»0' & *J Cf ©-e, 
MB ®£KiK*£ttt*SWiE& bT«±^:+^-e*^ i 



50 

-It 

m 

? 40 



30 



20 



10 



& 'S •!'!■ 



fiS « # 



?,fti. 
Nicabazii 

^«)f>ft5i 

iifflJia©g5S/<i 
ffib, 74)142)15 
-■b*©^t 

f»T4. jfaiK 
^b, IS>) ^ 

f) ( 178)178) J 

m) imwm 



0 2 4 

' i3U & ■ 



CAnderson £ 
Ca CD-SB*1 

V. 
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#*.e>fta. 
Nicabazin tt&Jg&fBfclS-^-ra 

* £ < ?-? c t a uc mien i? zm$m± * a 

f a*sitg£Eg?-a;fc&t^;i<?*iToa. co^an 

*mNm\tt3!. j $-tZ h , ffl& Ca u*Ot/f±l5 iAf^ 

B A S> ti & 1 1-» 5 3 tifc. M> t CD c t \$$m 

m&KX 8 Ca ©«jfe&*ttt^fcii> i«BK9tlT*5 b . 
WjWBJBfcfc MB**H-§ UTl-» S C £ UTH % . 

*U!l©fi»8«cSMiKttr-rt/* 57*^77 * — *f**ff 
ffiu ,Ti>i««iT> «#!«&©#&« jr*/* K7*^7^ 
— *©#£■*■ a c£ai»£ft-a">a. J5), " m,) utt^ 
fTi, jfliJlr^*9 7.*^7r*— *?tt*»JK»J:iB 

* u 1,M ffi#©j««icMa u -c^ a t i & nr** 

h , »«»•> $ & »c ®#j|!fflj&ic ± % #?IKiR*>'?S3glcft 
tetottTi-* 6 t § 147 „ K 7 * * 7 7 * - ©H* 
ttHttn***6natHft$nTl,"»*. w Taylor ei al. 

1901 »4Miflai»t*»^T. atfMM®JSf£*3ftx<D&3 
iWr**!l7t«77?- SfcatiMug©* 

•y K 7 * * 7 7 * — tffiiiiitrf r 'J 7 * * 

U 7^7;*- fe*£#0 Ca ftW bCDV&ffStt 
MttK-oi^TJi^BT?**. PTH tt#KiKiSUTK. 

(Anderson and Consuegra 1 '), &Tz, 9%W&fiift!S&. 
§t®3i#ri£Ca KM'«TiS5i> n » , """» l, « ***£tt 
Z Of, cn*i PT %$ijabT PTH CDSfctti5>§gjg-r 

* *t». ®##BIS© If in ic j; ot 9HB&Alc&£tt 
Ca ©— ^^©CB & 81,^4 MB !| ItH-rft*a(C 
ttoTl->S©t»*5 5. C©Jfr&, #{4 PTH left I, 

xnm\tfcfc? a <d~c, 28 » ca i i i k p i imws 
gtftffsna."" 

i*5ns*i, £®^i&(4#:F*HC:ktf8SS£tgS©¥ 

*»cHUT««K«wbT<'a. htzv-oz, m-m 
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X¥IK«a£X.a c ifcioTlRte§a«K:»B*.5jta 
fciffSto^K* b , ssftffl®&jnj*eg!-r a t 1 

$ ft, b ©5£S& *if T § fc. SSI c©M— 
*S¥ffitS£7Si©l§Gyc£gL-/.:©}4 Common 35 ' 
T?*5 5. ®l4£S©g03#j*>fi-3'< tst&fp7»*V U 

ir*- 7*a«!ini u gftrate 1 1 '4 a *»*, {* 

Misfits ©-e-nj: ijiisi.-'u^^^^uTi-'a tm 

*cfc»taMat*iKaiiyfc. *«D«t?^rK^ES-ra 

A5i?St5j!llF(jp C0 2 C^ffi) ©fflSJC, Henderson- 
Hasselbalch © ^ 4 Sic SJtKL-/: Helbacka 

tzm?i&&A,Kf5t£t>nz£olzte'oTz. mucoid- 

mi-^<Dm&btz¥m®#%<%mmLT^z t^-o 

liR&tomffiisZ.TAt C0 2 ©«)i^S|«i 
*S 2 kg ©UnOttJtt^ftiiiR 500 ml T'^O® 
NaHC0 3 -H 2 CO s , K 2 HPO 4 -KH 2 P0 4 

^ (KH„-HH 6 ) U + ^^ot'^ (KH b 0 2 - 
HH b O*) (iSjfili$4« K#«E U & -o t I WBt£ tt#J * 

±!3SJg a ©5 6, 
75. 6%, 'N * ^* p t* > li 20. 9^ oaiS5§fi* o*>'; 
*«Dffi©geS5©^tLli*)-f!6>3. S^-C&a. ,19) L 

fcafoTMMraci^fcasatt & rtn* ph o^k t 
ttorat>tiT < a . ifa«c© ph um— aa^i«*» ^' 

i-> a ©T*accD<t 5 ^sg^-r . 

BHC0 3 ^B + +HC0 3 - a) 

H i CO,^H + +HC0 3 - b) 

b) *H*flue©StSflfc*-rtt«>*i. 

K CH 2 CO0=CH + XHCO 3 -J c) 

fa. c) 5£&»ra£, 

CHO=K • CH 2 CO 3 :/CHC0 3 0 

ttebykm* *>m& CH + 3 ©aajtt*^3Bcic£ofc 

4©*i pH Gog - 1/CHO) ttTiti?nT^50 
T». ±«©*i!HR%»»Ki:at, 

pH=pK+logCHC0 3 -J/CH 2 COO d) 
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4> ® ff 



tm. h 2 co 3 immx-#iizic'j?m b*>iBB ua^ 

htzti^X, H2CO3 K&SEf S HCO," te&V 
*j5*r BHCO, SSEOHCOr KJfcttUTfctJWa C 
i*>'tiiSe5CDT-. a) ib) ©2%*W.-fS i It d ) 
iCCD HCOr (4 a ) jS© HC0 3 ~ ©mx-ft^T 5 C i 

jtaJMMCfctf * HjCOj ©SlJ« [4 BIST- ***>'. 
Henry ©ffiflljK&oT, d) 5£©H,CO, £ CO, CD 
#£E (P CO,; mmHg) T#©J: 5 »e %tt>ttm\ 
X-$>Z (Mongin" 8 ' 

,CHCQ 3 ->-mEq// 



pH = pK'+logt 



•e) 



a • pCO, 
tztils PK' i af45£SS[, Eq (4i3fi 
e) ^ht>i)>Z i 5 ft, jfli^CDpCOj^'— £*£& 
tfpH»i**ll4 *>©«»!£ J^T2s&3 ft. Sj^ 
M-f * >*>'-5£©^£l4 PC0 2 ©^brcSfSf* . - 
jKic, — 3©jRT?«fi»£at Jott CftTl*6»&. 
14. : 1 (CHC03-3/a-pC0 2 =l) i § 

nrfc-t). 59 ' c©t#© ph i± pK' t-st 5. 

Helebaka ef o/."> fifg© ifiiig CD pK' (41°C. pH 
7.4) ^nX^Z. CCDpK' (iaj^ffl 

Si pH KioT^^^of:||%ftii^nt^ 
£.. 153 > — 15. PK' jt»*jfii$© pH (7.4) ICfi^tt*^ 

«BMWKittttt#n5 co ? cD£<tt, mm**' 

CO COj ©#*J 1/3 fijfllfKft'iCCDC. *) , C©5 
SH«tt*©a*»J!P©»-e?MEU, —tfffiattttig 

ae^nt a ^*»icai«sns. — tst, gun 

$ftfc CO, © 2/3 lia*jfti!*raiCA»>. JKMBttcll 

J:oTtt«3ft, -Wliai^fcBTWBSftS. t 

n?»—iB©SJ6<4Jfll4'7' W—fQM'p%V>$ 
fctf ttiK pH £{gTS-tf3*$JH. Vfmifem 

$njnRit4»c«fNas?»n, *c*i»a8©»8*aT 
co, ttflc^mttwdna. mmtmitt mmim 
jfs*tr¥«^-*©-r». ,, » co, *>f>^ss*^^ns«BW- 

T' NaHCOj © Na* i &mo H + ft Tifil 

jK©Mttft4K<*. amistzHcOi- fisaaw 

©pH|±ffiTf*. Mr> 

i&© 93. 196 it CaCOa "C. *© 5 6 60# (4 



COs" *>&t£-5TP5. £© CO," ©&3f5lt-op 
T, Gutowska and Mitchell"' (4. J-"gt§.WZ-fc& 
.t-*««l^»J)W«tej«Kj8H!tt CO," 

2HCOa--*-2HCOr-»H,CO»— CO," 

H,0+CO, 
Jbtt I ?g#ilS ISBg® 

^taw^ntos a*, «•« in* ph 1 

ff»c(£Tf S t ia^riz: 6 i^>-r 5 . ,88 ' Ho- 
dges™ i±, mw&^o^m\ca»zj-'smmsssLt^ 
mfo<opHZM&.vtz$im, ?&©»**> &mnKjfiL 

SMIC PH ttftSKfiT-f 4 C i *88 e> a> 
»cu c©{£TiiSKlt&©ff<PK:J: 5 6 ©t?*5 5 
iftfntbT^S. Robinson and King 145 ' \tmH> 

a a-a u t ©aw*«¥^r«* © H a co, iim u 

T COi— *4ffi-r*©T*J5 5-i«ftbfc*i. Di- 
amantstein" 1 {itft*5^L-fc. —5?, Diamant- 
stein and Schliins'" f±, J ?g'iteM*>?, HCOj- £ 
#&LT$fl©g?tS-C, 

HCO,-+Ca ++ -»CaCO s +H + 
©SJtS^jSC ») 5 * Ctim&\sTz. ttz, Bachra «r 
a/."l4?8f S^HfiSJ*ff *9t*KAftT, Ca ++ 

i Hco,- *^usfttra-e caco, ©uMbtejsOb 

bfc. W:i>'-2T, HC0 9 - timm&KMMte&ia 
*#0Tl-»8 t#!l6ft'**«, 7%rK4f(;«- HCO," 
©SSSJtol-^TIi, Gutowska and Mitchell 6 *' © 
(SKOJ: 5H:jfctt*»%BaiffBIBiKW5l/T< 5© 
t?i«c<. ia* co, ^i^Sffi^S^^tt; 

CO, *»6flfeBdtlSt©fc»aEI±J»*.feftT^*. 

^»©2t» 

?P®0JB)?*» , ji«J , ilfilft'©Sm Ca»»»' l »>»" l "> 
J:CK#SWtt Ca»« ©Jj^Stt^Bft^ftT^ 
*. 4fcSWBl?jai+. ?S©MIIR36>ft»R»cjlliK*^ 
ffil-T* MlCifllFf' Ca 14 20~21# J^f « *>'. M),,n 2 
#rttCa i^S*Ttt Ca ©ffl*»4a£6ttl^t«ft9ft 
Tl^,«" bfciiot, S^TffiCa i^SWttCa i 

orat?i®s^fli©¥aA^s:UT^aci i "> *3* 

fcAft^i, 5P^gJ5!4ff»?:?irf4ifliK*»f,.2rrft Ca 
f4 4" 6 Ca d> 5, & Ca** ») Aft TP 



— ^. SrfS 

ct *>?>,»•' 

53> if:, Eht 

©9n«r«9( 

(4^^8©ffi® 

K«Kft|©|R| 

©w«*^u 

amide 
Ca + 
f, Ca* + ^ ac 
l,Tz. S2> 

ii*ft5 i%; 

o, mn&m 

tZ. bfris, : . 

JtUFfi PO, 

. %Z t 1^5 I 
Lorcher and 
NaHCOj %• jfc 
©Stt*iB!l^l 

i^JKgUT, 

CO, {4®^ 
Lake"' . 



AUG-15-2003 17:46 



UUI LIB RSS 



206 685 8049 P. 12/23 



339 



:o,~ 
netm 

H 4PHR&JA 
r*. 1 "' Ho- 

b 4 ©■?&;=> 5 
g l45) birkl- 
SWrlSS. IP 

.CO, *#JBl/ 
&bfc*>'. Di- 
J, Diamant- 
P, HCOj" & 



Itz, Bachra et 

nxnx, Ca+ + 

DfSAffSitjtga 

fo-tf* HCO,- 
Mitchell" 1 CD 

£f5L-T< *© 

Il9)li»))tl)l>4> £j 

Ca £ 
ifrhWm Ca 



—Jr. SrfiCa fcHtr** tfzfcd^TW&ttflS* 
L.fcSURT»* * . t © "Sr £ 4 *Ca 

W»IC8t»?n5 "Sr/«Ca ©ffi-^fi 92. 7# T'£>* 

tt^*ttfjfc*>«c^ 4 ©4**6*1*. 5fl 
*B£J«*tCfctt4?grtt© Ca *«lidL*0**iKtt: 

8£L-T^L'<?£l. - >{£g J &7K'f C £fi» active transport 
KioT?trttJfil»»»6 CafcBfc&A^* 41***. 
5 » ifc. Ehrenspeck e/ «/."«*> jr-fcfcfUfcSfc 
ttl b. JKMM 4%JMKIM8K© "Ca £ "Ca 
©gfld*S^fi!Jlciai|^bf;ii@*, if&flgfflO© 45 Ca®iPg 
(ii$IW©ifKSi £ £ 4 KjfiF < /«r* c £ *88 6*>K Ufc . 
*fc«6tt. Cffl.i 3fc 45 Ca <D&mz, 3PB»£OT** 
#£?-Sl$8!©i^fc#JSflT** ££&©», 9 6 
fcttRffl©&»i"K»Hlc» L.'Tfl©«tt** LB# P^0 
iffiaiC^oTi?fl#H©«^«^iS^^ < (e- 
©ISSI*^L.Sg&Jg#*4o) ££, tJiOf Cy- 
amide (JDJB&RS) *JSftrr* 4*©«fl[©Sftfrt» 
Ca+ + ©g«&*«fltitr* t4*>6. ?&%KfijliLi0»> 
f, Ca ++ £ active transport KioTffiiitr^^ 

— ifn^HCO,- fd:9P^?^J5feFft(Ci@ei!?-^- S 
©T?. t©S^»^*>tejfa&*>6ifflg?^;e®ii:& 

&&n* £5t*6ft"u->fc. £*utftu-r?grffl$© 
0 2 iSggtefiis© IPffSlSffifcii© l/Tfll6*>lc|H-v"> 
t £ frh . c ©tttK-e£B * nn. co, *> 6 mm*. 
■W©JMire HCO»- 6ft* £ i> 5 JBfcbtfj: 5 n 
fc. Ut»L, ^-gm&co O, JttMtiPHgJAOASic 

jdFfi po 2 ic**<cjfe>*j*6ntti^ n » £4*»6. # 
art* co t *«?ir«aBftjuT hco 3 - 

JfS * £ (, •> 5 Diamantstein V © ft j&J 3fcj§ $ ftfc . 
Lorcher and Hodges 114 * \±$ffiS5&&!,$*<D%K "C- 
NaHCO»*jflL*»cttAU ?S»IMIltiHRjlll© u C 
©SttfcfflflJgUfcMSi. lW#©IBKJ|©ttf»C4. fe 
J^'W&fcfr-fjb*© 14 C »ttL*»((IHJ$*ittf« M> C 
£&Jg$SUT, jfaffi*»6 HCOs-fcfrf&fc&fjb&i-i 
i^a&Ufc. Kutas « a/.«»« Ctl*B«>* iH^ 
K. SB»^*lcfei^T?B»jKjftt»JKj|li©pCO f 

C0 2 fi&^£&?:/j:i-'©Ti^£? , &fej@|£©ffl 
*@*lt»»-r* i<Dt3§Z.e>tlZH, El Jack and 
Lake"' ©tatffofc&itJfsnfc^BrRCpCO, ©tt ll *» 



«*©«pSB»?:tjlt5jliiFti pCO, ©ft" 0 ' fCitKUTU 
**»ICJF< , *r;-7-gttMla«»cfelt 5 pH l±505&ft? 

CO, 4*»<c»)0ft|^T HC0 3 " 0ffiaK#ftll/T;^ 
* 4©£JtS?tlS. 
Gutowska and Mitchell««' (±, -fSHii^^WV 

Hco,- *^ ^ co,~ ii&m $ n, cni>'9PSSfc&to 
§nrca ++ tm-&-rz<Dv$>?>5 t*tw>tz. v 

*»b. CO,— ©pH (5. 8) 46 » {±?tfjK©PH 7.74~ 
7.90)« fcifciS2UT^micfE<. ft^MIUH*«Kid: 
-?BttR^i(fiH(©iUB9I^Jn%b. 5WWK»cj±#«b 

/«Cl">C£ 44 > A>6. HCO," ti-f ©S^JteM^iliSL- 

~c§mmz.&MT z t © £ jeans n-u ■> * . l- tzv-o 

T. ?B*OTiiai(l*»i:cifWattiB'Cft©J: 5<cfijKj6*a 
*T CaCO,. *i£fe^$n* J: 
fflJS : H,0+C0 2 ^H,CO,^HCOr+H + 
• HC03-+Ca ++ -^CaCO, \ +H + 
ei©ft-&. 2^0© H + *>*tH5RT Ca ++ t^b?^ 
ttJKSabTjfiiKJCKiitn*. c©J:3yiftaji 
Ca ++ O active transport ICfctj-SMSJ^CiSfllJ^ 
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ST 5 ©}i#© Ca ft||f*Si»»cf 3 t$g#U 
Siegmund and Dulce" 6 ' Diamox (Acetazo- 
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LfcA>'oT, JMU!ttm©B8a!lKJ:-3-rH&3 
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Summary 

The general changes in calcium metabolism of laying birds all appear to be related 
to the formation of an egg with a well-calcified egg shell. The outstanding peculiarity 
of the avian reproductive system would be the extreme rate of calcium mobilization 
necessary for the formation of the egg shell. Although recent studies on this subject 
have revealed many valuable mechanisms by which calcification of the egg shell is con- 
trolled, there are some aspects which are remained for discussion. Much of the material 
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considered in this article is related to the calcium metabolism for the formation of the 
egg shell in the fowl. 

Calcium and phosphorus retention generally rises over a period of 2 weeks before 
laying begins. This phenomenon should be based on the synergistic action of both sets 
of estrogens and androgens, since simultaneous administration of these hormones evokes 
an increase of calcium and phosphorus retention and the use of estrogens or androgens 
alone does not appreciably affect the changes in blood calcium and phosphorus in 
immature birds. Evidence is presented to show that much calcium is stored during 
reproduction in a special system of bone in the skeleton. The significance of hormones 
other than estrogens and androgens is discussed. The weight of evidence suggests that 
both medullary bone and cortical bone participate in shell formation. 

The structure of the avian egg shell is briefly described and its formation is related 
to the changes which occur in the calcium metabolism of the fowl. The significance 
and mode of action of the carbonate and calcium ions in the blood, uterine mucosa 
and uterine fluid during shell formation are discussed. 

Blood acid-base balance parameter is solely involved in shell formation. Metabolic 
acidosis, ventilatory alcalosis and acute hypercapnia may have a detrimental effect on 
shell formation due to a pH drop or a loss of bicarbonate. It is also discussed that 
the detrimental effect of carbonic anhydrase inhibitors on shell formation can be attri- 
buted to its powerful salidiuretic which disturbs the acid-base valance in the blood. 

Derangement of certain physiological mechanisms of the ovary and oviduct, which 
are unlikely to be related to calcium metabolism, can lead to the production of soft- 
shelled eggs. A mechanism of shell formation linked with ovulation cycle is briefly 
discussed. 
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FONFTES KAP1TEL . 

Die Eischale und die Zusammensetzimg des Eies 

Von Dr. Ei*ce Siewert und Prof. Dr, Kurt Bronsch 

Tnstitut fur Tier^ucht und Tieremabrtmg der Fr$iw Univtrsim Berlin 

A. Die Eischale 

% Die Schale des Huhnereies halt das Ei in seiner Form und schiitzt den Eiinhalt gegen 
SioBere Einfliisse, laBt ihn dabei aber doch in "gewissem Grade in Kontakt mit der 
rf;AaBenwelt treten- So sichert sie mit ihren Membranen den Eiinhalt und spater den 
Embryo gegen das Gewicht des Brutvogels und vor anderen mechanischen Schaden 
srwie gegen das Eiadringen von Mikroorganisnien von auBen und bewahrc ihn vor 
% Wasserverlust- Jedoch ermoglicht sie durch ihre Poren einen Gasaustausch und 
? besitzt inf olge ihrer geringen Dicke die Voraussetzung fur eine ungehinderte Warme- 
Qbertra<*ung vom bnitenden Vogel auf den Embryo. Andererseits darf die Schale 
aicht durch ubergtoSe Festigkeit den Embryo am Schliipfen hindern. Diese natiirli- 
^chcfl Anforderungen werden durch Wiinsche der modernen Gefliigelzueht erganzt, 
| die eine gute Bruchfestigkeit als eine Voraussetzung mechanisierter. neuzeitlicher 
;-.Eiervermarktung verlangt. 

1. Aufbau der Eischale 



a. Die Cuticula 

, Die auBere Schicht der Eischale (siehe Abb, S. 608b) stellt die Cuticula dar> Sie ist beira 
|*Huhnerei etwa 10 (jl dick. Eier arxderer Vogel konnen davon betrachtlich abweichen 
! (1), Bei Impragnierung mit Silbernitrat zeigt die Cuticula zwei Schichten, eine auSere 
: granulierte und eine ixxnere ohne Granula, die bis in die Poren hineinreicht (2). Die 
/Cuticula besteht aus einem mucinhaltigen Material, enthalt Disulfide, Verbindungen 
tmit reduzierenden Gruppen und geringe Mengen Polysaccharide (3, 4). Schmidt 
^(5, 6) vermutet Keratin als Bestandteil der Cuticula. 

,. Im UV-Licht gibt die Cuticula frisch gelegter Eier eine rotliche Fluoreszenz, die 
durch Porphyrine bedingt und von der Schalenfarbe der Eier unabhangig ist. Die 
j: gleiche Fluoreszenz konnte auch in der Wand des eroflneten Uterus beobachtet wer- 
?.den 5 nicht jedoch in anderen Teilen des Legeapparates (7) - ein Hinweis auf den Bil- 
ij'dungsort der Cuticula. Sie ist relativ widerstandsfahig und wird durch schonendes 
jvWaschen nicht verletzt. Wasser mit einer Temperarur unter 40 p C lost die Cuticula 
fWht auf, wahrend ein Waschen mit Wasser uber 40° C oder mit Detergentien bzw. 
' J Sauren die Oberflache beschadigt und die Cuticula teilweise ablost (8). 

b. Die verkalktin Schaknschichten 

\ Die verkalkten Schichten der Eischale werden im Uterus gebildet. Die dgentliche 
Kalkschale besteht aus 2wei miteinander verbundenen Lagen: aus der spongiosen 
Schicht \ixid der innen geiegenen Mammillenschicht (siehe auch Abb. 1). Beide sind 
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verkalkt; sie enthalten in der anorganischen Substanz 38,2% Ca, 0 ? 9% P und 0 9<y1 
Mg und dazu noch einen geringeren Teil (3-5%) organischer Substanz. ' %^ 

Die spongxose Schicht caacht etwa 2 /s der Gesamtdicke der Eischale aus. Ihre'Be- -1 
zeichnung erhielt sie durch ihrcn organischen Anteil, der nach Entkalkung als spon-i 
giose Schicht aus fibrillarem Netzwerk erscheint. Das Netzwerk besteht aus faserigeitil 
Proteinstrukturen, nach Almquist (9) aus -einem kollagen-ahnlichen Protein; ande^fi 
Autoien sprechen den Fasern Keratincharakter zu, Diese 10 \l langen und 0,01 uf* 
dickea Fasern werden von einem mucopolysaccharidhaltigen Mantel urngeben. WafaL 
rend neutrals Mucopolysaccharide in den Schichten der gesamten Eischale ru fodap 
sind, kommen sours Mucopolysaccharide ntir in der organischen Substanz der Matrix! 
vor> Zwischen diesen verzweigten Fasern ist noch weiteres Netz eingelagert, desscnt 
Bestandteile vermutlich der Hullensubstanz entstammen und dessen Ma$chenweite$5 
nach elektronenmikroskopischen Untersuchungen ca. 0,0001 ^ betragt (10). Die! 
Struktur der organischen Matrix der spongiosen Schicht scheint mit der Festigkeitt?! 
der Eischale in Beziehung zu stehen. Simons und Wiertz (11) beobachteten bei Eieol? 
mit h6herer Schalenfesrigkeit eine kompaktere Strukrur der organischen SubstaazL ^ 
Bronsch und Diamantsteest (12) fanden eine positive Korxelation zwischen detn| 
Gehalt an sauren Mucopolysacchariden und der Bruchfestigkeit der Eischale. . r".T 

Die innere der beiden calcithaltigen Eischalenschichten ist die etwa 0,1 mm dicke'f 
Mammillenschicht. Sie baut sich aus zahlreichen konischen Gebilden, den Mamniillen? r ,. 
auf, die an der Grenze zu den welter innen gelegenen Schalenhauten lokalisiert sind.i?^ 
Die Mammillen besitzen einen Kern aus organischem Material, Dieser „mammillire '% 
Kern" (3 9 4) besteht aus scbwefelhaltigem Protein und Verbindungen mit reduzieien-. : ^ ^ 
den Gruppen, vermutlich Thiolen. Urn diesen Keni sind_<^e.jauneralischexi Bestand-"."i^^ 
telle der Mammillenschicht in feinsten, lichtmikroskopisch nicht mehr faBbaren Kri- ' -^|fl 
stalien (5) zusanunen mit der organischen Matrix gelagert. Matrix und mineralische 
Bestandteile sind dabei um den Kern so geordnet, dafi sie einen stumpfen Kegel bljr-''' ! 't^?f 
den, in dem sich der mammillare Kern befindet und dessen Basis gegen die spongidse 
Schicht gerichter mit den benachbarten Mammillenkegeln zusammenwachst. Zwi- 
schen den Mammillenkegeln verbleiben Luf traume, die untereinander in Verbindung 
stehen und durch die Poren der Schale mit der Aufienwelt verbunden sind, 

Der anorganische Anteil der Eischale besteht zu 98,43% aus Calciumcarbonat in 
Form von Calcit, wahrend der Anteil von Magnesiumcarbonat nur 0^84% und dex 
von Tricaldumphosphat 0,73% betragt (1). AuBerdem sind Eisen, Kupfer, Jod, 
Mangan, Molybdan und Zink und andere. Eiemente in Spuren vorhanden, Die eto- 
zelnen Materialien sind nicht gleichmaBig in den Schichten v&teilt; die groBeren Mg- 
und P-Mengen sind an der auBeren Seite der Schale lokalisiert (13). Gegen die AuBen- 
flache enthalt die Eischale weniger organisches Material, diese Region ist deshalb 
auch der harteste und kompakteste Teil der Schale. 

Uber die Beziehungcn der Calcitkristalie zur organischen Substanz, uber ihre GroBe 
und Anordnung finden sich verschiedene Auffassungen. Nach Masshoff und 
Stolpmann (10) sind die Calcitkristalie in die Hohlraume des Netzwerks der organi- 
schen Substanz eingclagert, ihre Gr6Be entsprache demnach den submikroskopischen 
Kristalliten. Besser erhartet scheinen die Ergebnissc von Terepka (14) und besonders 
von Schmidt (6), wonach die Eischale aus groBen Calcitkristallen besteht, die unnut- 
telbar aneinander haften und von faserigen organischen Strnkturen durdbzogen wer- 
den. Die Achsen der Calcitkristalie stehen annShernd setikrecht zur $chaienoberflache> 
wahrend die Anordnung des organischen Materials unabhangig von der Ivristall- 
struktur verlauft^ 

Im Gegensatz zuzn Knochengewebe, wo eine praformierte organische Matrix 
verkalkt wird > sekretierr der Uterus des Vogels anorganische und organische Bauele- 
mente dex Eischale gleichzeitig "und am gleichen Ort Die organische Substanz beein- 
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fluBt Wachsrum und Wachstumsformen der Kristaile und bewirkt durch ihre art- 
spezifische Zusammensetzung die Unterschiede im Schalenbau dec verschiedenen 
Vogelarten. 

Schmidt (5, 6) modifiziert die alters Einteilung der Eischalenschichten in erne 
Spongiosa- and eine MammillenscHcht und stellt den Aufbau und die Bildung der 
Schale folgendermaBen dar: Urn eirien von der Uterussdileimhaut sezernierten orga- 
uischen Kern kristallisiert sich ein sehr kleiner Calcitspharolit oder Primarspharit aus 
fdnen Kristallnadeln, der durch Anlagerung von groBeren Kristallen wachst und zum 
Sekundarsphariten wird. Dieser Sekandarspharit dringt als Eisospharit in die Schalen- 
haut vor und bildet hier die Basalkalotte. Nach auBen wachst er als Exospharit erst 
noch kegelfSrmig, dann durch gegenseitige Begrenzung der Exosphiriten in Saulen- 
form liber die gesamte Dicke der Eischale. In den auSeren Schichten sind die Grenscn 
= dei polygonalen Exosphariten nicht mehr deutlich. Schmidt unterscheidet demnach 
eine basale Kegellage und die auCere Saulen- oder Palisadenlage. Die Anzahl der 
CaJcitkristalle nimmt nach auBen hin ab, ihre GrdBe jedoch zu. 



c. Die Scbaknmmbramn 

Zwischen den verkalkten Schichten der Eischale und dem Inhalt des Eies liegen 2 
; Membranen, die miteinander fest verbunden sind Nur an einer S telle am stumpfen 
Pol des Eies weichen beide Membranen auseinander und lassen zwischen sich den 
< Raum fiir die Luftkammer frei. Beide Membranen erscheinen weiBlich. duxchschei- 
Fnend mit einem leichten rosa Farbstich, der durch Porphyrin-Pigment hervorgeruf en 
^wird (15). Sie bestehen ahnlich wie die organische Matrix der verkalkten Schichten 
k'sos einem Netz verzweigter Fasern mit Keratinket^ der von Hullsubstanz umgeben 
Kist. Im Gegensatz zur Matrix fehk jedoch das Mikronetz zwischen den Fasern (10). ^ 
>y Die auBere oder Schalenmembran, die membrana testae, liegt zwischen der Ei- 
schale und der inneren Membran. Ihre Dicke wild mit 0,05 mm angegeben(l). Sie 
i.setzt sich aus 3 Schichten grober oder feiner angeordneter Keratin- oder Mucinfasern 
^^usammcn (16). ~" 

Die innere Membran 9 die membrana putaminis, ist nut 0,015 mm dick und wird aus 
Iwei undeutlich getrennten Schichten £ein verzweigter Fasern aus Keratin und Mucin 
IgebUdet (17). Die Raume zwischen den Fasern sind mit albuminosem Material ange- 
Ifullt. 

d. Die Porm 

|bie Poren sind f einste Kanale von 0,006-0,013 mm Durchmesser und je nach Schalen- 
| dicke von etwa 0,2 mm Lange, die die verkalkte Schale durchqueren und das Netz 
Sfjron Luftraumen zwischen den Kegeln der Mammillenschicht und der auBeren Scha- 
llenmembran mit der AuBenwelt verbinden. Diese Kanale sind am inneren Ende enger 
|wnd erweitern sich an der Oberflache der Schale zu txichterfSrmigen Offnungen. 
|fidm Hiihnerd verlaufen die Kanale in derRegel unverzweigt. Sie durchqueren die 
pchale an den Grenzflachen der saulenformigen Exosphariten (Schmidt). Das Poren- 
pystem ist mit Proteinf asern angeftillt, die denerx der Matrix gleichen, Am stumpfen 
HM des Eies befinden sich die meisten Poren; hier liegt auch die Luftkammer zwi- 
pctea den Schalenmembranen. Am spitzen Pol sind dagegen wesentlich weniger 
|Poten vorhanden (1). Die Zahl der Poren der Huhnereischale wird mit etwa 600-10 000 
pngegeben (18). 
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2. Eiform, Schalendicke, Bruchfestigkeit 

Der Uterus beeinHuik durch die Dehnbarkeit seiner Wand die Form der Eischale „J 

fntv I" GCSta vT d t S Grossfeld CI?) vergldcht das Ei mit dnemSj. 
guB des Vogeluterus. Nach Asmundson (20, 21) ist die Form abhingig von derpt 
kkrmenge, die in der pars albuminif era des Eileiters sezemiert wird, von der Wri£ 
dieses Abschiuttes und der des Isthmus sowie von der Aktivitft der WandmuX 
dteser Uterusabschwtte, Mathematisch ist die Form des Eies von Szielasko QzK' 
Cartesisches Ovaloid definiert worden, der fur die Eiformen verschiedener VoiS' 
arten charafcenstischc mathernatische GesetzmaBigkdten eatdeckte. In der PrS' 
wd ^ Form durch <*en Brdten-Langenindex bestimmt, mit dem sich jedotfi 
aUe Varianten erfassen lassen. Man bestimmt den Wert aus Brcite _ x 100 D i eser 

bSf?^ raakt ^ ZWiSChen 70 ^ 80> ^ Wert V ° n 7 ^* d ds 

Die Dicke der Eischale bewegt sich normalerwdse zwischen 0,18 und 0,46 mm- " 
dabei warden Durchscrmittswerte von etwa 0,32 mm ermittelt. Die Schwankungen" 
] u tf merh ? b der emzelnen Eischalen sind in der Aquatoriakone am gerjL- 
sten, deshalb werden zur Dickenmessung Teile aus dieser Region bevorzugt (24 25) 

Gegen hydrau isch«i Druck ist die Eischale relativ widerstandsfahig, sie kinfiber 
30 at aushalten (19). Rachen- odet punktformigen Bekstungen ist sie jedoch wenig« 
gewaensen - j e nach GxoBe der beksteten Oberflache gemigt hier dn Druck von wed- : 
gen KUogramm, urn die Schale zu beschadigen. Die Bruchfesrigkeit der Eischale ist 
vtLTnj^n VomchtMgea gemessen worden. Ober die zahlrdchen Usher 
ItT M .^ od6n T 5« Messung der Eischalenqualitat gibt Tvi.br eine umfas- 
T<i * ^\ (2<3) ' **** P f ^^S^gen wird die Bruchfesrigkeit vidfach 

rtL ?Jf e IT (2?) b65timmt ' bd def ^ Ei s "ig^ Druck zwi- 

schen zwex pknen Metallplatten ausgesetzt wird, bis die Schale zerbrkht; die in die- 
««M™«t ciawkepde Kraft wird in kp gemessen. In der Regd wird das Ei „*.- 
schen den Polen eingespannt. Normale Eischalen zerbrechen bei dieser Methode bd 
emem Druck von etwa 3 kp, wobd Schwankungen zwischen 1,0-5,5 kp 2 u beobach- 
'thJSt U , at f sc S edlkh ^ MdJmerhoden ergaben sich in alien Untersuchungcn 

uberemsummend signifikante Korrektionen zwischen der Dicke und der Brucbf esrig- 
™! d 5 r , Elschale - ^^Ss sind auch noch andere Faktoren fur die Bruchf estigkdt 
von Bedeutung Bei Elasuzititsmessungen von Eischalen erhidt man Werte die mit 

eLSS?^ ^ + °? k ° rreiiert Waten * Da ^ ^P^cbe Gev^cht des 

Eunhaltes fnsch gdegter Eier nahezu konstant ist, wird das spezifische Gewicht des 

SSr e u eS ^°^ g ^ d durdl deQ Scha ^nteil bednfluBt. Daher hat sich auch das 
spe*fische Gewicht als ein braudibarer Ausdruck fiir die Dicke der Eischale bzw. 

gL^S ^H^J 1 *? $chfll ! er ^ eben - Zwisc ^n spezifischem Gewicht des 
S w S< * ale ^ ck e wurden Korrelationskoeffidemen von +0,91 gefufl- 

™i ^ C$ S ' mk dem Ge^t ah + 0,76 ko^eliert 

SchSenSt 1 ?? 6 ? Un ? d6S Gew ^s «h cha^akteristische 

Wdben ? 6r ^ C ^ a ! Cn o d ^ gr ° Bcn Vortei1 ' ^ ^ Ei « ^nbeschadigt 

bleiben und fur die zuchtensche Selektion weiter zur Verfugung stehen. Mit dlr 
Bruchie^gkeit noch besser korrdiert sind die mit Hilfe der erst neu^dings hier 
SST^ ^^, Stt ^f^reu-Technik ermittelten Werte/L A^dSS det 
auml^f ^ ^ ? 1S< ? ? f bd (30 > Diese Methode sich ^tiv einfacb 
ve^^eTEer ^ ^ ^ ^ blcibeader ^ d ^« 
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Die Farbe der Eischale ist fur bestimmte Rassen charakteristisch. WeiBe Leghom- 
hennen z.B- legen Eier mit weifier Schale, wahrend Rhodelander, rebhuhxtfixbige 
Italiener und besonders Barnevelder braunschalige Eier produzieren. Eine chilenische 
Hiihnerrasse, die Araucajoas, legt Eier mit blauen Schalen. Zur Festigkeit der Ei- 
schale hat die Farbe keine Beziehung. Die bxaunen Pigmente sind sogenannte Oopor- 
phyrine oder Protoporphyrine. Es handelt sich um Abkommlinge des Hamoglobins, 
die im Uterus gebildet werden. Die uberwiegende Faxbstoffmeage wird erst in den 
letzten Stunden vor dem Legen abgelagert, daher ist die AuBenseue der Schale starker 
gefarbt. Die Heritabilitat der.braunen Eischalenfarbe wird mit 0,3-0,6 angegeben. 
Das blaue Pigment der Araucanas, ein Oocyan, ist gleichmalttg in der Schale verteilt 
and an der Innenseite mit fast gleicher Intensitat sichtbar, wie an der AuBenseite. Die 
Blaufarbung berohr auf dnem autosomalea dominanten Gen (31, 32). 



4. Einflusse a.uf die Qtialitat der Eischale 

<z. Vererbtmg 

Die Eischalenqualitat wird wesentlich von den generischen Anlagen der Tiere 
bestiminT. Taylor und Lerner (33) z. B. gelang es, aus einer Leghornpopularion eine 
Linie mit dickeren und eine andere mit diinneren Eischalen zm selektieren. Die Anga- 
ben ubex Heritabilitat der verschiedenen Eischalenqualitatsmerkmalc schwanken. Ftir 
die Eischalendieke bfcw. den EischalenanteiL, ausgedruckt durch das spezifische 
Gewicht des Eies, wurden Heritabilitatswerte zwischen 0,27 und 0,60 gefnnden, 
wobei zwischen einzelncn Huhnerrassen deutliche Unterschiede auftratexx (32, 34, 35, 
36). 

b* Legestatus 

Mit andauetnder Legeperiode nimmt die Eischalendicke ab. Dieser Efiekt macht sich 
besonders bei Hochleistungstieren bemerkbar. In der neuen Legeperiode nach der 
natiirlichen oder Zwangsniauser erhoht sich die Eischalenstarke gewohnlich wieder 
auf normale Werte. 

c* Erndhrung 

Fur die Bildung der Eischale ist ein optimales Angebot an Calcium in der Nahmng 
erforderlich. Unterversorgung mit Ca ftihrt zu vernngerter Einlagerung von Ca in 
die Eischale und spater auch zu eincm Ruckgang der Legeleistung ; die Eischale wird 
mit anhaltendem Ca-Mangel kontixiuierlich diinner; schlieBlich stagniert die Lege- 
tatigkeit (37, 38, 39). Dieser Efiekt wird auf die Inhibierung der Gonadotropin- 
Ausschuttung infolge de$ Ca-Mangels ^uriickgefuhrt, wodurch die Ovulation ge- 
hemmt wird (40). Eine Verbessewng der Eischalenqualitat durch Exhohung des 
CalciumgehaJtes im Putter oder durch Beifutrera von Muschelschalen wird nur nach 
Mangelzustanden beobachtet* Hierzu zahlen auch die Falle, in denen der Futterver- 
2ehr durch hohen Energiegehalt der Ration geringer wird und es dadurch bei anschei- 
nend ausreichendem prosentualen Ca-Gehalt im Futter dennoch zu einer subopti- 
malcn Ca-Versorgung koiximt. Fur eine gute Eischalenverkalkung bei Legerassen 
werden heute im Alleiniutter Mindestgehalte von 2,7-3,0% Ca empfohlen. Bei hohe- 
ren Tcmperaturen, Kohem Energie- und Proteingehalt der Ration sind bis zu 3,5% Ca 
erf orderlich ; der Bedarf schwerer Rassen ist noch hoher (41). 
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Ausreichendes Vitamin-D-Angebot ist fur den VerkalkungsprozeB essentieu Bri 
Unterversorgung mit Vitamin D koramt es zu Vermindetun'g der Scfaalendick?' 
vermehrrem Auftxeten von FlieBeiern und einem Rtickgang der Legeleistune (42-* 
43). - Her mit calduiofreier Schale, sogenannte Fliefieier, koramen immer wied£ vcSs 
Diesen Eaera fehlt eui Teil oder die gesamte Spongiosa- und MammiUeaschicSli 
Solche Eier kssen sich auch experirnentell durch Applikation von msubsutuierter? 
Sulfonamiden wie z.B. Sulfanilamid oder Acetazolamid erzeugcn. Diese Wklnini? 
wird dem inhibierenden Efiekt dieser Sulfonamide auf das Enzym Carboarmydratas? 
zugeschaebea, das bei der Eischalenverkalkung an der Oberfubxuag des CaldurS 
aus dem Blut in &e Schale indirekt beteiligt ist (44, 45, 40). Habere ChloridkorW 
trationen als 1% im Legehennenf utter erniedrigen die Eischalendicke und das Scha 
lentrockengewicht signifikant und damit die Bruchfestigkeit. Aucb bier wird eine di e : 
Carboanhydratase inhibierende Wirkung angenommen (46). 

d. Teatperattfr 

Bekannt und experimeateU nachgewiesen sind dunnere Eischalen infolge hoheter 
Umgebungstemperaturen; hobe Luftfeuchtigkeit verstarkt diesen Effekt. Mit dnera'^ 
Sinken des Blutcalciumgehaltes geht hier eine Abnahme des Ca-Gehalts der Schale 
einher (47, 48, 49); ofiensichdich nicht allein eine Folge des verrin*erten Futterver- 
zebrs. Nach WiederhersteUung niedriger Temperaturen pflegt sich die Eischalendicke-i- 
2u normalisieren. Im Zusammenbang mit diesem Temperaturefiekt srehen die jahres- % 
zeitlicheo Schwankungen der Eischalenqualitat; in den-hejBen Sornmermonaten kann 
die Dicke der Eischale urn 10-15% abnehmen. Teilweise'liBt sich die Verschlcchce-^l 
rung der Eischalen in der warmen Jahreszeit durch Erhohung des Ca-Gehaltes der '-^ 
Ration auffangen. Im Zusammenhang mit hohen Temperaturen wird eine Inhibit' ; -'Sb« 
rung der Funktion der Thyreoidea und bieraus folgend eine Beeinflussung des Ca- >'1|§ 
Stoffwechsels diskuriert (50). Durch Zusatz von 22 bzw. 44 ppm L-Ascoibinsaure M 
zur Legebennenration konncen Thornton und Moreng eine Verscblechterung dec iv^fe 
Eischalenqualitit unter Hitzebelastung verhindern (51, 52). In weiteren Versuchen ■'tiBsS&L 
strike* sie fest, daB die positive Wirkung des Vitamin C jedoch nur bei ausreichen=~i||§ I 
dem Ca-Angebot eintritt (53). Bei Unterversorgung mit Ca soil dagegen ein Ascor- #|f§ 
binsaurezusatz die Schalenqualitat noch weiter verschlechtern. Unter Hi^ebelastung"'«Sil 
hat das Vitamin C auf die Schalenstabilitat audi bd eincm relativ niedri^cn Rohpro- ■^^|| 
teing&hak von 13% eine positive Wirkung. Hoherer Proteingehalt der Ration kehrte 
die Wirkung der Ascorbinsauxe urn, die Schalenqualitat wurde scblechter (54). Die- - 
Wirkung des Vitamin C auf die Schalenqualitat ist im ganzen nodi umstritten und . 
konnte teilweise von anderen Untersuchern nicht nachgewiesen werden (55 43, 56, : ; Mlf 

57,58). & v ' 

e. Sonstige Faktoren 

Erkrankungen des Eileiters konmen die Schalenbildung beeintracbtigen. Im Verlauf 
von Infektionskrankhciten wie Newcastle-Disease wurden die Schalen der befallenen 
Population deutlich durmer (59, 60). Stiles und Dawson stellten fest, daB Unruhe 
irn Stall, verursacht durch mehrmaliges tagliches Jagen der Hennen, die Eischalen- 
dicke signifikant veraagene (61). 
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B* Die Zusammensetzung des Eies 

Der von den Schalenhauten umgebenc Eiinhalt besteht aus dem Fifclar und dem 
Dotter. Der Antdl von Schale, Eiklar und Eidotter am Gesamtgewicht schwankt bei 
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den einzelnen Vogelarten betrachtlich. Fur ein 58 g schweres Huhnerei geben Roma- 
noff und Romanoff (1) folgende Daten an; Eikkr 55,8%, Eidotter 31,9% und Ei- 
schale 12,3% des Gesamtgewichtes. 



1. Struktur des Eiinhaltes 

' a - Das Biklar 

Das Eikkr ist urn den Eidotter gekgert (siehe Tafel S. 309) und erscheint als glasiges, 
in den eiri2elnen Schichten mehr oder weniger viskoses Material mit gelblichem Stich, 
hervorgcruien durch das Pigment Ovoflavin (62). Nach der Konsistenz unterscheidet 
. man von auBen nach innen gesehen vier Schichten des Eikkrs : Die auBere diianflus- 
sige Schicht, die an die innere Schalenhaut gren2t. Sie wird gefolgt von der dickfliis- 
sigen, die wieder eine diinnfliissige Schicht umschliefit. Um den Eidotter liegt seblieB- 
lich eine vierte sehr diinne weitere Schicht von hoher Viskositit, die mit den Hagel- 
schniixen (Chalazae) vcrbunden ist. 

Die auBere diinnfliissige Schicht umgibt die weiter innen liegenden Schichten mit 
Ausnahme dcx Polregionen. An diesea Stellen tritt die Mucinfaserung der mirtleren 
dickflussigen Schicht mit den Schalenhautcn direkt in Kontakt : Die Verbindung wird 
als Ligamentum albuminis bezeichnet - Die auBere dickfiussige Schicht macht etwa 
60% des gesamten Eikkxs aus, der Anteil kann jedoch hoher liegen, Ehxe viskSse 
Konsistenz xvird durch zahlreiche Mucinfasern bewirkt, die die Schicht netzartig 
durchziehen und in den Zwischenraumen das fliissige Eikkr festhalten. Dieser 
^iweiBsack" (1), der den Dotter and die diinne fliissige innere Schicht umgibt, 
stellt durch seine besonders beim frischen Ei relativ stabile Form einen mechanischen 
Schucz fur den Eidotter dar. (Siehe Tafel S. 309). 

In der inneren duxmfliissigen Schicht kann dec Dotter verhaltnismaBig f rei schwim- 
men. Diese Schicht nimmt etwa 17% des gesamten Eiklars ein. Ihr Mucingehalt ist 
^esentlich geringer. Die Chakzae oder Kagelschnure sind eine Fojrtsetsung der sehr 
diinnen dotternahen Schicht. Die Mucinfasern dieser Lage verlassen die Schicht und 
streben, sich spirakrtig verdrehend, gegen die Eipole, durchqueren die innere diinn- 
fltissige Schicht und treten in die dickfiussige Schicht ein- Da diese Schicht duxch das 
Ligamentum albuminis mit der inneren Schalenmembran verhaftet ist, bilden die 
Hagelschniire zusammen mit der dickflussigen Schicht ein Aufhangungssystem fur 
den Eidotter. Die Chalazae mix der dotternahen Schicht nehmen etwa 2,7% des Ei- 
klarvolumens ein. 



b. Die Viiellinmembran 

Der Eidotter -wird von einer diinnen Dotterraembtan oder membrana vitellioa um- 
geben. Ober ihre Dicke und Zusammensetzung werden, wohl infolge unterschiedli- 
cher histologischer Technik, keine einheitlidien Angaben gemacht (1). Sic soli etwa 
0,024 mm dick sein und aus drei Schichten^ einer aufieren und inneren Mucin- und 
euier rnittleren Keratinschicht bestehen (63, 64), Nach anderen Angaben handelt es 
sich um eine diinne Kollagen- mit einer dickeren Mucinschidbt, die beide zusammen 
etwa 0,05 mm dick sind (65). Die Vitellinmembran spielt bei der Aufrechterhaltung 
des osmotischen Drucks zwischem Dotter und EiweiB, der bei 1,8 at liegt, eine Rolle 
(63, 66)* Mit sunehmendem Alter des Eies nimmt die Festigkeit der Dotterhaut ab. 
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e. Der Detter 

Die Dottersubstanz besteht aus dem gelben und dem weiBen Dotter. Der weifie p- ■' 

SS?^?*?* 4% If GeS3 f td ° tter « du,ten - Im S elt * n Dotter rind zahlrciS 
^025-0,150 1 mm gtofle gsanuliate Kiigelchen enthalten (67), die nicht fcrtloslichsiSl 

?^Jr Ufi ? Ch f n J 8 W6lBen Dott " S Skld Udner und eotha lt^ rexschiedenaxtig ruSw 
lichtbrechende Korper (1). Bei Fkierung des Einhalts durch Kochen werdeTdfr 
Schiehtuagen des Eidotters deutlich: Im Zentrum der Dotterkugel befindet sich 2$ 
ecwa 6 rrun groBer Kern, der sogenannte Fandeksche Kern oder die Latebra die am ■ 
dem weiBen Eidotter besteht. Von der Latebra sem sich der aus dem gldchea MatS * 
rial bestehende Hals der Latebra gegen die AuBenseite des Dotters fort und endS 
dort in der Umgebung der Keimscheibe, wo er den Nucleus dcatriculae bildet Um : 
die Latebra sind nun jeweils abwechselnd eine ca. 0,5-2,9 mm dicke Schicht aus eel : 
bcm Dottermaterial, gcfolgt von einer 0,25-0,4 mm dicken Schicht aus weiBern Ei" : 
dorter konzentnsch angeordnet, so daB im Dotter 6 ScHchten aus gelbem und 6 " 
Schichten aus weiBem Dorcer aufeinanderfolgen. 

Die Keimscheibe oder Gcatricula liegt als weiBUchc Scheibe von 3-4 mm Dutch-, 
messer auf der Oberflache der Dotterkugel. Ebenso wie der weiBe Dotter hat sie em 
iiiedngeres spe 2 ifisches Gewicht als die iibrige Dottersubstanz. Das spezifische Ge- 
wicht und die Anordnung des weiBen Dotters bewirkt, daB sich die Dotterkugel bei : 
Veranderung der Lage des Eies stets so dreht, daB die Keimscheibe oben liegt? 

2. Chemische Zusammensetzung des Eies 
a. Gesamtei 

Elementaranalysen der Trockensubstanz des Eiinhaites ergeben Werte, wie sie bereits 
Trf/ B * RR0W < 68 ) ermittelt wurden: Kohlenstofi 53%, SauerstoS 20%, Stickstoff 
15%, Wasserstoff 7%, Phosphor 4%, Schwefel 1%. 

Der Wassergehalt des Gesamteies schwankc um 74%. fit ist abhangig vom Frische- 
zustand und wenigex von der GroBe des Eies (69). Jahreszeitliche Schwankungen des 
Trockensubstar^gehaltes wurden beobachtet (70). Em durchschmtthches Hiihcerd 
enthait m der Fnschsubstanz an Rohnahrstoffen 13% EiweiB (N x 6 25) 11 5% Fett, 

5? iTn??**^ St ? fie hzw ' KoWeohydrate 0,9% und 1,0% Mineralstofie als Asche 
(1, 19, 71). Siehe hierzu Tabelle 1. 
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TaUlk 1 

DuichficWttUchei Rohnahrstoffgchalt des Huhnereies in % der Fnschsubstanz 
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26,1 
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11,5 
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£^S^^T t SA^lf nSab<ai Grossfeld < 19 >' «nd Romanopf (1), Sova, 



Einen Vergleich der Aminosauregehalte von Gesamtei 
Tabelle 2. 
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Der Vitamin- A-Gehalt des Eies ist abhangig von dem der Nahrung. Bei Vitamin-A 
bzw. Carqt inmang el sinkt der Gehalt binnen 10 Tagen auf uber die Halfte ab. Er HeB 
sich durch exhohte Zufuhr in Form vori Vitamin A, Carotinol oder naturlichen Caro- 
tintragern wie Grasgriinmehl oder Luzernegrunmehlextrakt uber das Futter bis 
maximal auf 1,2 rag brw. 1,7 mg Vitamin A pro 100 g Eidotter steigem (73, 74). 
Legehennen mit freiem Auslauf wurden 0,9 nig/100 g Dotter gefunden. Der Gehalt 
des Eies an Vitamin D hangt ebenf alls von der Zufuhr ab, bei hohen Dosen wicd die 
Abkgerung im Ei relativ geringer (75). Vitamin E ist in den von Lecithin abgetrenn- 
ten Dotcerlipoiden enthalten (76), die Menge im Ei steht auch wieder mit der des 
Futters in Beziehung (77). Bei anderen Vitaminen bestehen Rassentinterschiede in der 
Einlagerungsfahigkeit in das Ei. Leichte Legerassen wie Leghorn konnca mehr 
Vitamin B A im Ei ablagem als schwerere Rassen (78, 79). Bei Vitamin B 2 scheincn 
ebenfalls ahnliche genetische Unterschiede voxzuliegen (79). AUerdings konnten 
andere Autoren kerne Rassenunterschiede im Thiamin- und Riboflavingehalt der Eier 
feststellen (80). Verfiitterung von rohem Eiklar an Kuken oder Ratten verursachte 
Bio tt n m an gel (81). Ursache isr das im Eiklar enthalrene Nucleoproreid Avidin, das 
die Wirkung des Biotins durch Biidung eines aquimolaren Avidin-Biotin-Komplexes 
inhibiert. Dieser Effekt ist auch in vitro nachweisbar (82, 83). Denaturierung des Ei-, 
klars durch Erhitzen oder Sauxebehandlung inaktiviert das Avidin (84, 85). 

b. Dos Eiklar 

Das Eiklar bestcht zu 87,5% aus Wasser. Der Wassergehalt der Schichren nimmt von 
innen nach auBen zu, den niedrigsten Wassergehalt- hat die dorternahe dickfliissige 
mit 84,3%, und den hochsten Wassergehalt hat die auftere diinnfiussige Schicht mit' 
88,8% (I). - Der Gehalt an Eiweifl (N * 6,25) im Eiklar liegt bei 10,9% (1, 19, 71). 
Das Eiweifi setzt sich aus folgenden Fraktionen 2u$ammeu: den Proteinen Oval- 
bumin, Ovoconalbximih, Ovoglobulin und den 2 Glykoproteiden Ovomucoid und 
Ovomucin. - Das Ovoalbumin macht 75% der Eiklarproteine aus. Es ist elektro- 
phoretisch in 3 Fraktionen trennbar. Das Molekulargewicht liegt bei 48000. Zirka 
15% der Eiklarproteine bestehen aus Conalbumin, das elektrophorctisch in 2 Fraktio- 
nen zerlegbar ist. Ovoconalbumin hat ein Molekulargewicht von 87000. - Das Ovoglo- 
bulin ist mit 2% vertreten und laflt sich in 3 Fraktionen, G l9 G 3 und G a zerlegen. Die 
G r Fraktion wird auch als Lysozym bezeichnet. - Die beiden wahrscheinlich aus 
hexosaminhaltigen Polysacchariden und Polypeptiden zusammengesetzten Glyko- 
proteide Ovomucoid und Ovomucin sind mit 13 bzw. 7% im Eiklarproteirt enthalten. 
Das Ovomucin ist besonders in der auBeren dickfliissigen Schicht vertreten, es besteht 
aus faserartigen Molekulen und bewirkt durch seine netzartige Verteilung in dieser 
Schicht ihre hohe Viskositat (1, 86, 87). - Der Gehalt an Mineralstoflen im Eiklar 
betragt insgesamt etwa 0,7%. Die Konzentration an Schwefel, Kalium, Natrium und 
Chlor liegt je Element bei etwa 0,15-0,20%. Der Anteil von Phosphor, Calcium und 
Magnesium bewegt sich zwischen 0,009 und 0,18%, wahrend nur 0,0009% Eisen 
gefunden wurden (1). 

e. Der Dotter 

Der Dotter des Hiihnereies hat einen Wassergehalt von 49,7%. Die Trockensubstanz 
setzt sich wie folgt saisammen: EiweiB 16,3%, Fette und Lipoide 32,4%, Kohlen- 
hydrate 0,6%. 1,4% des Eidotters bestehen aus anoxganischem Material (1, 19, 71). 

Bei den Eidotterproreinen kann eine Lipoproteinfraktion, eine Phosvitinfraktion 
und eine Livetinfraktion unterschieden werden. - Die Ansichten uber die Lipopro- 
teinfrakrion sind nichr einheitlich. Nach Fevold (88) kommen ein Lipovitellin und 
ein Lipovitellenin vor, die jedoch ebenso wie die von Sugano (89).gefundenen <x- und 
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p-Iipovitelline niche einhdtlich sind (90). Andere Autoxen fanden ein in a- und 
3-Unterfraktionen ^erlegbares Lipovitellin und daneben ein VitcUin (91, 92). Mit 
Beixtz (93) kann geschlossen werden, d&B im Eidotter 3 Lipoproteine vorkommen, 
die unteischiedlich im Lipoid- und Phosphorgehalt sind. Auch die Phosvitinfraktion 
ist nicht einheitlich, sie besteht aus phosphorrdchen Pioteinen mit phosphorfreien 
Bdmengungen. Die Livetinfraktion setzt sich aus drei Unterfraktionen, a-, (3- und 
y-Livetin zusammen (94). 

Eixx Drittel des Eidotters besteht aus Fetten und Lipoidea. Die Fette Uegen haupt- 
sachlich als Glyceride der Palmitin-, Olein- und Linolsaure vor und nehmen 2 / 3 der 
Fett-Lipoidfraktion tin. Der restUche Anteii besteht aus Phospholipoiden, Sterolen 
und Cerebrosiden. Es werden hauptsachlich 3 Phospholipids anterschieden: Ovo- 
ledthin, Ovokephalin und- Ovosphingomyelin. Ovoletithin enthalt vorwiegend 
Olein- und Palmitinsaure, auBerdem Glycerophosphorsaure und Cholin. Ovokephalin 
ist identisch mit Kephalin in Gehirn, Niere und Leber. Es konnten Stearin- und 
Kephalkisauxe, Glycerophosphorsaure und Aminoathylalkohol identifiziert werden. 
Das Ovosphingomyelin enthalt auBex Fettsauren und Phosphorsauren noch als Basen 
Cholin und Sphingosin- Der Dotter enthalt etwa 1,6% Cholestetin, davon liegt der 
^toBte Teil in freier Form vor s ca, 15% sind verestert (1). In den Dotterschichten 
tchwankt der Anteii des frden Cholesterins, der groBexe Anteii wird im gdben Dotter 
gefuaden. Im Dotter sind Spuren 2wder Glykolipoide, Ovophrenosin und Ovokera- 
sixi > enrhalten, 

Der Eidotter enthalt etwa 1,4% Asche, Den groBten Anteii unter den Mineral- 
stbffen nimmt der Phosphor mit 0,6% des frischen Dotters ein- Ein erheblicher Antdl 
des Phosphors ist in organischer Form und zwar hauptsachlich an Lecithin gebunden. 
Die Elements Kalium, Calcium, Chlox sind in Mengen von je etwa 0,16% vertreten, 
Magnesium und Natrium in geringexex Quantitat (71). Eisen wurde in Mengen yon 
60 ppm ausschiieBlich an Phosvitiii gebunden fescgestellt (95). 




J. Die Dotferfarbe 

Die Farbe des Eidotters bewirken mit dem Futter aufgenommene lipochrome Pig- 
mentstofie. Das Huhn ist nicht in der Lage, diese Substanzen selbst zu synthetisieren. 
' Es sind gelbc und rStliche Pigmente aus der Gruppe der Carotinoide. AuBex a- und 
p-Carotinen sind die Xanthophylle, Cryptoxanthin, Lutein und Zeaxanthin neben 
Spuren anderer Carotinoide im Eidotter vertreten. Die fur die Faxbung des Eidotters 
wichdgsten Pigmente sind das Dioxy-a-Carotin (Lutein) und Diosy-p-Carotin 
(Zeaxanthin) (96). Je nach Art der Futterung konnen andere Carotinoidpigmente wie 
zuxn Beispiel das im Paprika enthaltene CapsasanthiA im Dotterfett eingelagert 
werden. Auch f etdosliche Farbstoffe anderer Herkunft ? wie Sudanfaxbstoffe, gehen in 
den Dotter ubex. An wassexloslichen Farbstoffen findet sich im Dotter das orange- 
gdbe Ovoflavin (97), das mit dem Vitamin B fi verwandt ist. Die Fahigkeit, diese 
Pigmente einzulageni, ist bd den einzelnen Hennen individuell yerschieden. Bei 
gleicher Futterung und gleichem Futterverzehr finden sich Unterschiede in der Farb- 
intensitat der Dotter. Generische Einfliisse sind hierfux zu einem geringen Teil ver- 
antwortlich. Die Heritabilitat dex Dorterfarbe wird mit 0,15 angegeben (98). 

3. Einfliisse auf die Qualitat des Eies 

Wichtige Kriterien zur Beurteilung der inneren Qualitat des Eies sind der Anteii und 
die Konsistenz des dickflvissigen Eiklars und die Festigktit des Dotters bzw. dex 
Vitellinmembran. Ein aufgeschlagenes frisches Ei von guter Qualitat soli, wenn es 
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auf eine plane Oberflache verbracht wird, einen hochgewolbten Dotter und cinea 
vom ubiigon Eikiar deutlich abgesetzten zahfliissigen und erhabenen Anteil dick- 
fliissigen Eiklars 2eigen> Verschiedene Verfahren zur Messung der inneren Eiqualitat 
beruhen auf der Messung der Hohe von Dotter und Eikiar. Die vielfach gebrauchli- 
chen HAUGH-Einheiten sind ein Ausdruck, der aus der Hohe des Eiklars und dem 
Eigewicht ermittelt wird (99). Andere Autoreh vervrenden jeweils die Indices aus 
Hohe und mittlerem Durchraesser von Dotter und Eikiar. Dieser Eiklarindex ist mit 
den HAUGH-Einheiten gut korreliert (100). 

Der Anteil von dickflussigem EiweiB am Eiinhalt ist von verschiedenen Faktoren 
abhangig. Wahrend der Lagerung der Eier nimmt der Anteil aus zahflxissigem TRilrl* f 
ab, da die Mucinsubstans fermentativ abgebaut wird, Der Durchmcsser von dick- 
flussigem Eikiar und Dotter in aufgeschlagenem Zustand wird groBer, die Hohe 
geringer. Aber auch genetische Einfliisse sind wesendich: Es gelang, bei mehreren 
Rassen je eine Lime mit niedrigerem und eine mit hoherein dickflussigen Eikkr zu 
selektieren (101, 102). Die Heritabilitarsschat2ungcn iiber den dickflussigen Eikiar- 
anteil, geroessen an Gewicht und Hohe dieser Schicht beixn Aufschlagen, bewe^en 
sich rudschen 0 9 12 und 0,68 (103). Jahreszeitliche Schwankungen des festen Eikkts 
werden beobachtet: Der Anteil sinkt in den Sommermonaten ab, am dann wieder 
an^usteigen. Ein Absinken der Eiklarqualitat mit suuaehmendem Produkrionsalter der 
Hennen ist bekannt (104). Verschiedene Autoren berichten iiber eine Zunahme des 
dunncn fliissigen EiweiBes bei Erkrankung an Newcastle-Disease (105). Besonders in 
gelagerten, manchmal auch in frischen Eiern txitt eine rosa Verfarbung des Eiklars 
auf, die durch Verfiitterung von Baumwollsaatprodukten an Hiihner hervorgerufen 
wird und deren Ursache im Baumwollsaatol enthaltene-Eettsauren mit Cyclopropan- 
struktur sind. Im Eidotter xuft das in Baumwollsaatprodukten enthaltene mehrwertige 
Phenol Gossypol (1,1% 6,6', 7,7' -Hexahydroxy- 5,5 r -diisopropyl- 3,3' -dimethyl 
[2,2' -binaphthaiin]- 8,8' -dicarbosaldehyd) grunlich-braunliche Verfarbungen hex- 
vor, indem es mit dem im Ei enthaltenen Eisen eine Komplejcverbindung bildet 
(106, 107). 

a. Blut- imd Fkhchfiecfan 

Blutflecken sind mtc&foHikuldre Hamorrbagien, die eatweder im Eidotter oder Eikiar 
als blutigrote Flecken unterschiedlicher Ausdehnung abgelagert werden. Fleisch- 
flecken sind dagegen weiBlich oder rosafarben. Sie wuiden als mehr oder weniger 
fortgeschrittene Ab- oder Umbauprodukte der Blutflecken angesehen (108). Neuere 
Untersuchungen ergaben, daB beide Eif ehler unterschiedlicher Genese sind. Fleisch- 
flecken enrhalten meist keine Erythrocyte^ jedoch Porphyrin-Pigment e wie die Ei- 
schaie. Hauptsachlich im Uterus werden den Fleischflecken gleichende Gebilde vor- 
gefunden (109, 110), Blut- und Fleischflecken scheinen durch Emahrung und Um- 
welt beeinfluBbar, jedoch sind genetische Faktoren mitbestimmend. Blutflecken 
wurden vermehrt bei einigen leichten Legerassen gefunden, wahrend Fleischflecken 
bei schweren Rassen uberwiegen sollen (111, 112), Das Vorkommen der Blutflecken 
konnte durch Selektion in einer Linie auf 1% der Population vermindert, in einer 
anderen auf 23% vermehrt werden (113). Die Heritabilitat schwankt fiir Blut- und 
Fleischflecken je nach Rasse (114). Ernihrungsphysiologisch sind beide Fehler ohne 
Bedcutung, sie sind mehr ein psychologisches Problem fiir den Verbraucher. 
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• U niosek istnieje bardzo scisla zaleznosc mi^- 
dzy metabolizmem tkanki kostnej a powstawa- 
niem skorupy jajowej. Poniewaz odcinek ma- 
ciczny jajowodu, zwany inaczej gruczolem sko- 
rupowym nie ma wlasciwosci magazynowania 
zwiazkow mineralnych (6, 29), musza^ bye one 
dostarczane nieprzerwanie z krwi^. W okresie 
.10 dni poprzedzajacych rozpocz§cie produkeji 
. niesnej st^zenie wapnia calkowitego w suro- 
wicy krwi wzrasta z 10 mg % do 16 — 30 mg % 
(25). Zmiany te . zachodza. glownie na bazie 
wzrostu koncentracji wapnia zwiazanego z fos- 
folipoproteidami, ktorych poziom w surowicy 
narasta pod wplywem zwi^kszonego wydziela- 
nia estrogenow (2). Wapn zjonizowany, ktorego 
stQzemie w surowicy krwi niosek ksztaltuje sie, 
na poziomie 5—6 mg %, wedlug.Hurwitz'a (13), 
jest w rownowadze dynamicznej z wapniem 
pozostajacym w konapleksach bialkowych. Wy- 
raza siQ to tym, ze zmniejszenie koncentracji 
wapnia zjonizowanego w . trakcie przeplywu 
krwi przez odcinek maciczny jajowodu pocia,- 
ga za sobs* spadek jego frakeji bialkowej. 

Wedlug Simkiss'a (25) wapn skorupy jajo- 
wej s pochodzi zarowno z frakeji zjonizowanej, 
jak rowniez zwiazanej z bialkami. Jak wynika 
z badan Hodges'a (10) w czasie szybkiej fazy 
wapnienia skorupy jajowej odcinek maciczny 
jajowodu pobiera 10—20% wapnia .zaWartego 
we krwi. Odci^ganie z krwi 100— 150 mg/godz. 
wapnia dla formowania skorupy jajowej zmu- 
sza organizm ptaka do stalego odnawiania jego 
rezerw przez absorpeje jelitowa, i demkieraliza- 
cj<* kostna.. Wedlug Hurwitz'a i Bar'a (14), jesli 
pasza zawiera 3,56% lub wi^cej wapnia, to 
gtownym zrodlem wapnia dla formowania sko- 
rupy jajowej jest przewod pokarmowy. Przy 
zywieniu* niosek pasza^ zawierajaca, tylko 1,98% 
wapnia, wapn skorupy jajowej w 30—40% po- 
chodzi z ukladu kostnego, natomiast przy pa- 
szy deficytowej w wapn — szkielet staje si? 
gtownym dostawca, wapnia (21). 

Analizujac dynamikQ wchlaniania wapriia z 
przewodu pokarmowego mozna stwierdzic, ze 

. podczas tworzenia bialika jaja wartosc ta wyno- 
si tylko 40%, natomiast w kohcowym stadium 
powstawania skorupy jajowej wskaznik ten 
wzrasta do 70%. Okazalo si? przy tym, ze 
zwi^kszona resorpeja wapnia ma glownie miej- 
sce w odcinku jelita biodrowego (15). 

Z badan Tyler'a (31) wynika, ze pora dnia 

- moze warunkowac, ktore zrodlo (przewod po- 
karmowy — uklad kostny) przewaza w dosta- 



wach wapnia dla skorupy jajowej. W swietle 
tych badan rola ukladu kostnego wydaje si$ 
dominowac wczesnym rankiem, kiedy obnizone 
sa. procesy trawienne. 

Jak juz wczesniej podano (25) retencja wap- 
nia w organizmie niosek wzrasta w okresie 10 
dni przed rozpoczQciem niesnosci. W tym cza- 
sie dochodzi rowniez do wzrostu ciQzaru kosc- 
ca ptakow o okolo 20% (27). Zmiany te zacho- 
dzq glownie poprzez formowanie si? kosci szpi- 
kowych, charakterystycznych tylko dla osob- 
nikow zenskich. W opinii szeregu autorow (11, 
12, 21, 25) kosci szpikowe wydaje siQ bye glow- 
nym rezerwuarem wapnia dla formowania sko- 
rupy jajowej. 

Z przegladu pismiennictwa dokonanego przez 
Simkiss'a {25) wynika, ze powstawanie koSci 
szpikowych sty mulo wane jest przez synergis- 
tyczne oddzialywanie estrogenow i androge- 
now, przy czym najbardziej widoczne zmiany 
, w kosciach szpikowych. wystepuja^ u gol^bi. 
Bloom i wsp. (3) wykazali, ze formowaniu sko- 
rupy jajowej towarzyszy wzrost liczby osteo- 
klastow, podczas gdy w okresie powstawania 
biatka jaja zwi^ksza si$ licziba osteoblastow. 

U kur niesnych zmiany w obrazie histologicz- 
nym kosci s^ mniej ewidentne (4, 28); prawdopo- 
dobnie uwarunkowane to jest krotsz^ przerw^ 
mi^dzy ikolejnymi okresami formowania skoru- 
py jajowej, wi^kszym st^zeniem estrogenow we 
krwi na tie rownoczesnej obecnosci wielu koiho- 
rek jajowych, czy tez stosunkowo wysok^ kon- 
centracji wapnia w paszy. Potwierdzeniem jed- 
nak tego, ze resorpeja i mineralizacja tkanki 
kostnej zmieniasi? wcyklu niesnym stanowi^ 
wyniki badan Morris'a i Taylor'a (19), z iktorych 
wynika, ze w dniach znoszenia jaj kury wy- 
dalaj^ z moczem dwa razy wi^cej hydroksy- 
proliny. Wzrost koncentracji hydrtfksyprpliny 
we krwi i moczu jest wykladnikiem zwi^kszo- 
nej resorpeji kostnej, wskutek wzniozonej ak- 
tywnosci enzymow koUagenolitycznych (1, 22). 
Ponadto o istniej^cej u kur niesnych zaleznosci 
mi^dzy procesem formowania skorupy jajowej 
a ukladem kostnym mog^ swiadczyc tez wyniki 
wlasnych badan (18). Wykazano bowiem, ze 
podczas kohcowej fazy tworzenia skorupy ja- 
jowej . obserwuje si<* statystycznie istotny 
wzrost ukrwienia nie tylko odcinka macicznego 
jajowodu, ale rowniez kosci udowych, piszcze- 
lowych i f 'obrQCzy miednicznej.- Kosci te wedlug 
Taylor'a i Moore (30) sa_ najbogatsze w tzw. 
kosci szpikowe. 
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Zagadnienie regulacji metabolizmu kostnego 
*ci$du niesnym ptakow jest jes.zcze dose kon- 
[;wensyjne. Jedni uwazaj^, ze resewpeja kost- 
podczas formowania skorupy jajowej jest 
^yywotana spadkiem st^zenia ostrogenow, pod- 
: 6zas gdy inni badacze wiqz^ to ze wzrostem 
? stezenia parathormonu (PTH) we krwi (25, 27). 

Opieraj^c si? jednak- na badaniach Senior'a 
.! i Cunningham'a (24) z ktorych wynika, ze po- 
ziom estradiolu we krwi ptakow spada dopie- 
ro na 5 — 8 godzin przed zniesieniem jaja, nie 
wydaje sie. prawdopodobne, aby resorpeja kost- 
na -podczas formowania skorupy jajowej byla 
uzalezniona od niskiego poziomu estrogenow 
we krwi. 

Wi^kszosc opinii o braku wply wu PTH na 
metabolizm kostny, w cyklu niesnym oparta 
jest.na wynikach badan Urista (32), ktory wy- 
kazal, ze duze dawki PTH ! wywolujE| zmiany w 
tkance kostnej rozni^ce sie. od tych, ktore ob- 
serwowaino w czasie formowania skorupy jajo- 
wej. Pozniejsze jednak badania (5, 28) z uzy- 
ciem dawek PTH zblizonych do fizjologicznych 
nie wykluczaty mozliwosci udzialu tego hormo- 
nu w regulacji komeostazy wapniowej, w cy- 
klu reprodukcyjnym ptakow. 
. Wapri stanowi^cy giowny element budulco- 
wy skorupy jajowej jest odkladany w niej, w 
postaci wejjlanu wapnia. Mechanizm formowa- 
nia skorupy jajowej jest stosunkowo jeszcze 
malo poznany. Wydaje sie. wielce prawdopo- 
dobne, ze podobnie jak w przypadku trzustki 
u ssakow (17), w gruczole skorupowym powsta- 
je metaboliczny C0 2 , na bazie ktorego tworzo- 
ne s^ dwuweglany. Proces ten stymulowany 
jest pnzez enzym — anhydraze. "we^lanowq, 
ktdrej obecnosc stwierdzono (7 — 9) w 'bkmie 
sluzowej tego narzajdu. Biorac pod uwage fakt, 
ze koncentracja dwuwQglan6w w plyinie odcin- 
ka anacicznego jajowodu jest 3 — 4 razy wiek- 



sza w porownaniu z surowica. krwi (20), jak 
rowniez to, ze gradient napieciowy <miedzy su- 
rowiczowk^ a bton^ sluaowa. tego narz^du jest 
zerowy lub ujemny (16) — wydaje si$, ze pro- 
ces wydzielania w^glanu wapnia sprzyja uwal- 
nianie si$ NH 3 z formowanego jaja (10) czy 
tez przyci^ganie kationow przez elementy or- 
ganiczne skorupy jajowej (23). 
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FIELDS M., AMENT R. D., LAMB D„ BLADES J.: 
Szczepionka przeciwko wSclekliznie oparta o wirus 
namnozony na mozgu myszek ss^cych (SMBV): utrzy- 
mywanie si^ odpornoSci u psow. (Suckllng-mouse- 
-brain rabies vaccine (SMBV): duration of immunity 
in dogs). Vet. Med. small Anim. Clin., 71, 37—40, 
1976 {1). 

Obserwacje nad czasem utrzymywanta sie, odpor- 
nosci przeciwko wsciekliznie u ps6w po szczepieniu 
szczepionkq oczyszczona. , chromatograficznie, inakty- 
wowan^ beta pfopiolaktonem, opartq o wirus namno- 
zony w m6zgu ss^cych myszek (szczepionka SMBV), 
przeprowadzono na . 24 psach w okresie 3 lat. W su- 
rowicy ps6w przed szczepieniem autorzy nie stwier- 
dzili obectnoSci przeciweial dla wirusa wsciek- 
lizny. Psy szczepiono domie.sniowo 1 ml szczepionki 
o sile uodporniaj^cej 3,15. Miano przeciweial w suro- 
wicy oznaczono w odczynie seroneutralizacji po 1, 
11, 24 i 36 miesiacach po. szczepieniu i po 1 miesiacu 
po challenge. Jednorazowe szczepienie chronilo 
wszystkie szczepione psy przed zakazeniem wysoki- 
mi dawkami zjadliwego szczepu wirusa wscieklizny 
po 37 miesiacach po szczepieniu. U szczepionych ps6w 
30 dnia po szczepieniu, Srednie miano prz^eciwciai w 
odczynie SN wynosilo 1 : 512. lyiiano to obnizalo siq 
znacznie po uplywie 3 lat t przy czym u 17 z 19 sztuk 
szczepionych wynosiio Sredriio 6. 

G. 



SHATTO N. L.: Blastomikoza pluc u psa. -<Przypadek 
kliniczny). (Canine pulmonary blastomycosis <A case 
report) ). Vet. Med. small Anim. Clin., 71, 47—51 
1976 (1). . 

W Ameryce P61nocnej u ludzi, ps6w i inn^ch ga- 
tunk6w zwierz^t domowych blastomikoze. wywoluje 
Blastomyces dermatitidis, Autorzy opisali przypadek 
blastomikozy u 2-letniego psa z Montany. U- psa wy-. 
ste.powaly zaburzenia ze strohy ukladu oddechpwego. 
Mimo stosowania* tetracykliny, a naste.pnie chioram- 
fenikolu i gentamycyny uzyskiwano jedynie przej- 
sciowa. poprawe. stanu zdrowia. Wyniki badania ra- 
diologicznego klatki piersiowej — rozsiane ogniskowe 
zapalenie pluc — oraz brak poprawy po stosowaniu 
antybiotyk6w nasuna.1 podejrzenie blastomikozy. Roz- 
poznanie potwierdzilo wyhodowanie Blastomyces der- 
matitidis z wymazdw z tchawicy. Po stosowaniu am- 
foterycyny B (Fungizone) pod postaciq wlew6w do- 
zylnych (w. okresie 6 tygodni dokonano 13 wlew6w) 
objawy kliniczne ze strony ukladu oddechowego ustq- 
pily, za^ zmiany radiologiczne ulegly cofni^ciu. Jed- 
nakze r6wnocze^nie z cofaniem sie. zmian' w ukladzie 
oddechowym rozwin^lo sie. ziarninowate zapalenie 
siatkdwki oka, kt6re doprowadzilo do jej odklejenia. 
Po operacyjnym usuni^ciu galki ocznej, nastqpil cal- 
kowity powr6t do zdrowia. 
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Parthenogenesis in birds^ f -i 

B . L. Astaurov and Yu . S. Demin UDC 591.162 

The studies of a number of authors have demonstrated the presence of spontaneous arrheno- 
tokic diploid parthenogenesis among birds. Most investigations have been conducted on/iur- 
keysjandjhickensl Results have been obtained permitting the ability of turkeys and chickens 
for 'rudimentary parthenogenesis to be considered as hereditarily determined. An analysis 
of the sexual composition of the parthenogenetic turkeys, as well as the data of genetic and 
cytogenetic analyses, have shown that the cases of parthenogenesis in turkeys described are 
most likely the meiotic type. Indications have been obtained that definite viruses can in- 
crease the relative frequency of embryos formed among eggs that have begun parthenogen- 
etic development. A comparison of information on parthenogenesis in birds with the results 
of a study of this phenomenon in other animals permits some considerations to be expressed 
in support of the fact that not only arrhenotokic, but also thelytokic parthenogenesis is pos- 
sible amongbirds. The possibility of the practical utilization of parthenogenesis in birds is 
discussed. 

INTRODUCTION 

Parthenogenetic development and reproduction are phenomena of varied biological interest and evo- 
lutionary significance. Extensive summaries discuss the relationship of parthenogenesis to polyploidy and 
hybridization (Astaurov, 1940, 1966a, b, 1969a, b; Rostand, 1950; Suomalainen, 1950; Beatty, 1957; 1964; 
Narbel-Hofstetter, 1964; etc.). 

For the most part these questions are discussed in the zoological literature as applied to inverte- 
brates, among which natural functional parthenogenesis is widespread, serving as a normal form o re- 
production. However, various forms of parthenogenesis have been found or produced experimentally 
In vertebrates as well, including warm-blooded animals- birds and mammals. Recently numerous ex- 
amples of complete natural parthenogenesis and gynogenesis have been described in fishes, amphibians, 
and reptiles (Golovinskaya and Romashov, 1947; Darevskii and Kulikova, 1969, 1964; Shimanskii, 1969; 
Hubbs and Hubbs, 1932; Uzzell, 1964; Lowe and Wright, 1966; Lowe et al. , 1970; Schultz 1967). In 
warm-blooded animals, namely, in birds, a rudimentary (incipient), abortive natura P^thenog enes. 
frequently observed, in which development does not go to completion (Krizenecky et al , 1955 *™™P les 
of natural parthenogenesis with full development are also known (in the turkey), or at least with hatching 
from the egg (chicken) (Olsen, 1960a, 1965a; Sarvella, 1970). 

It has been shown on the mulberry silkworm that the use of parthenogenetic development can have 
wide application in agricultural practice, as one of the methods regulating the sex ratio Both induced 
and natural parthenogenesis can also be used for the production of clones with constant heterosis for the 
genetic analysis of progenitors, the creation of pure lines, the production of polyploid forms, and for 
other purposes. In particular, all this is not excluded with respect to parthenogenesis of birds as well. 
Insofar as we know, there are no summaries of parthenogenesis in birds, and this prompted us to give a 
survey of the existing data on this question in the present article. 

Brief History of the Problem 

One of the first reports on the existence of spontaneous abortive parthenogenesis in birds was made 
in 1872 b y Oellacher (1872), who described rudimentary parthenogenesis in unfertilized chicken eggs. 
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However somewhat later Lau (1894) and Barfurth (1895) denied its existence In 1908 mo t^„-ii 
thoroughly reexamined the question and arrived at the conclusion th»7 ! f 1908 1910 L ecaillon 
eggs actually undergo parthenogenetic development pSfeSS, Tmw "n S ITcZ » VT'? ^ 
"Development of the Chicken" (Lillie 1919) was „liiIT- ° laSS1C book of Lil "e. 

Lillie arrived at the conclusion ^tVcta^d^iSi u'nST 1 ?* ° f (1895) ' 
fragmentation of the cytoplasm u^onj^^^^^^ is ^"ed by 

age; he also did not change this opinion in the sZZ Sedition ^of the ho„i 18 trUe Cleav " 

Z^j^^;™ ??r of ru ~ ~r or, 1 : pi™- 

lished that the histological pictures in freshlv taw mSi-i"T °f P rellminarv experiments, Kosin estab- 
initial attempts at developme" deg nerattn ts r„ th^e W "Y^ Variabl6 ' ^ 3ft6r 

the first three hours after lavirnr about i«5? nf Vif» f ! . , 3S6S when the egg was fixed in 

ment never went t ^compTetfon Kos in arrLl, ^ 1Zed eggS had diViding nUClei; however - deve l°P- 

Parthenogenesis in Turkey s 
B™»ze breed 

~. ,o, sa ,, As . re i ,srjr. 5 rz^^^^^ 

*ig. i . Frequency ot various categories of parthenogenetic develop- 
ment (in%), obtained in the process of selection for successfulness 
• of parthenogenesis in unfertilized eggs of virgin turkeys of the Belts- 
ville Small White breed. Along Y-axis: frequency of parthenogeneti- 
cally developing eggs, % of the total number of incubated eggs Along 
X-axis: years of observation. 1) Development to formation of a layer 
of embryonic cells, covering the surface of the yolk; 2) development 
to the appearance of blood spots or blood vessels; 3) development to the 
appearance of well-formed embryos; 4) all categories (Olsen, 1965a) 
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birds was obtained, in the eggs of which the frequency of parthenogenetic development to relatively ad- 
vanced stages, beginning with the 15% level, reached 45%. Figure 1 presents the results of 12-year 
^ election work. The success of parthenogenesis in turkeys can be arbitrarily divided into three cate- 
S 0 ries: 1) development goes up to the formation of a layer of embryonic cells, covering the surface of the 
g 0 lk; 2) development goes up to the appearance of blood spots or blood vessels; 3) development goes up to 
the appearance of well-formed embryos. In part of the cases of the third category, development also goes 
farther, up to the stage of hatching and formation of sexually mature individuals, i.e., there is complete 
arthenogenesis. Selection for success of parthenogenesis had the greatest influence on increasing the 
second and third categories: in 1953 0.8% of the eggs contained blood spots and blood vessels, while in 
1963 10.8% contained them. In 1952 embryos were formed in 0.2% of the eggs, while in 1963 there were 
13% of them. If we consider how the percent ratio of the three classes under consideration varies among 
the 16.7% of eggs that started on parthenogenesis, it is found that at the beginning of selection practically 
all the developing eggs (95%) reached only the stage of a developed blastema, while at the end of selection, 
this category, least capable of development, accounted for less than half of the eggs that started on 
parthenogenetic development (44%). On the contrary, the more successfully developing eggs of the second 
and third categories together comprised only 5% at the beginning, while after 10 years they already 
accounted for about 55% of all the developing eggs; moreover, 24.2% reached the stage of blood spots 
(second category), while 31.4% reached the stage of formed embryos of later stages (third category). 

Selection also increased the ability of the parthenogenetic embryos for successful completion of 
development. At the beginning of the work, no turkey chicks hatched at all, while in 1961 and 1962 they 
accounted for 8.6 and 8.8% of the total number of embryos. Altogether, in 1961 and 1962 200 chicks 
hatched, and they were all males. This also pertains to embryos that died during the last week of in- 
cubation. 

In a later work, Olsen (1967) glancingly mentions, without going into detail, that in selection for 
success of parthenogenesis in the Beltsville Small White breed, in a number of cases virus infection 
(fowl pox virus) was used in the hope of obtaining a larger yield of parthenogenetic embryos. However, 
it should be emphasized that this circumstance does not minimize the correctness of the conclusion that 
the total frequency of parthenogenetic development was increased by selection, since there are other ex- 
amples when selection gave the same results (Olsen and Buss, 1967); in this case it may be a matter (and 
that only debatably) only of the influence of the virus on increasing the relative frequency of hatching of 
formed embryos. The role of virus infection in parthenogenetic development will be analyzed in more 
detail below. 

In work with the Beltsville Small White breed, selected for a high frequency of parthenogenesis, 
Olsen (1969c) established that there is a positive correlation between the general level of parthenogene- 
tically developing eggs and the frequency of parthenogenetic eggs in which development goes up to the 
stage of a formed embryo. A total of 487 eggs that had started on parthenogenesis, laid by 46 turkeys, the 
average frequency of parthenogenesis in the eggs of which was about 30%, were studied. In 23 eggs (4.7% 
of this group) there were formed embryos. A similar study, conducted on a group of nine laying with an 
average level of parthenogenesis of about 60%, indicated the presence of formed embryos in 30.3% of the 
cases (in 43 eggs out of 142 that had started on parthenogenesis). 

In investigations on thejgenetic control of the predisposition to parthenogenetic development in turkeys of 
the Pozo Gray breed, OlsenandBuss (1967) showed that this characteristic is transmitted to progeny both by 
males and byfemales (more detailed investigations of this question were conducted on hens, of which we shall 
speakbelow). Moreover, in the same work, within a relatively short period (five years), he raised the fre- 
quency of natural parthenogenesis in Pozo Gray turkeys from 1.1 to 18.6% by selection, which is in goodagree- 
mentwith the results outlined above, obtained by Olsen et al. on the Beltsville Small White breed. The hered- 
itary transmission of the ability for parthenogenesis both along the maternal and along the paternal line is 
observed in Drosophila (Carson, 1967); it is also undoubted in Bombyx mori . 

Embryological and cytological investigations of parthenogenesis in turkeys have yielded some indi- 
cations of the cvtogenetic mechanism of its origin and made it possible to establish a number of deviations 
from normal development, which probably also leads to the high death rate of the embryos. Definite data 
were obtained on the fact that parthenogenetic development begins even before the egg is laid, in the body 
of the female (Olsen and Marsden, 1954a; Haney and Olsen, 1958; Sato and Kosin, 1960). The rate of 
development of the parthenogenetic embryos is decelerated, and the stage of development that can already 
be established at candling lags behind normally fertilized eggs by 2-3 days: although ongoing development 
is ascertained in fertilized eggs after 18-24 h, in eggs developing parthenogenetically it cannot be observed 
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until 3-4 days (Olsen and Marsden, 1954c; Olsen, 1969b). The development of parthenogenetic embryos 
lags behind the normal ones. This lag is probably determined to a substantial degree by the delay that 
occurred in early embryogenesis (Olsen, 1965b). Olsen (1965b) suggests that the characteristic two to 
three day lag period observed at the beginning of development of parthenogenetic eggs represents the time 
"required for the more viable blastomeres to resume development and organize a normal blastoderm." 
A similar lag period in the parthenogenetic development of the phasmid Clitumus extradentatus was de- 
scribed by Bergerard (1962). However, in the latter case there is a restoration of diploidy during the 
period of the delay of development. 

Cytological observations indicated that the mitotic activity is reduced in parthenogenetic embryos, 
and haploidy and polyploidy are encountered (Sato and Kosin, 1960). Differences in the rate of the first 
divisions of cleavage and, as a result, differences in the diameter of the biastodiscs, irregular organiza- 
tion of the biastodiscs, anuclear cells, and the presence of two or more embryos in a one-yolk egg have 
been observed (Olsen, 1965b). All the investigated well-developed embryos had a diploid chromosome set 
(Poole, 1959). Materials in the cytology of diploid parthenogenesis in birds and the cytogenetics of sex 
determination in parthenogenetic progeny will be discussed below. 

Parthenogenesis in Chickens 

Parthenogenesis in chickens has been demonstrated histologically by Kosin (1945) on eggs of the 
Barred-Rock and White Leghorn breeds. Of 100 freshly laid (first three hours) eggs, as has already been 
stated above, parthenogenesis was detected in 15% of the cases. It is characteristic that 24 h after laying 
Kosin found practically no nucleus- containing blastomeres (there are no quantitative data). 

In 1954 Olsen and Marsden (1954b) investigated four breeds of chickens for the presence of partheno- 
genetic development, Dark Cornish, Silver Cornish, New Hampshire, and Rhode Island Red. The first two 
breeds gave 13.5 and 1.5% cases of parthenogenesis, respectively; parthenogenesis was not detected in the 
other two breeds at all. Unfortunately, the authors do not indicate how the observations were conducted 
In a subsequent work Poole and Olsen (1958) found differences in the frequency of spontaneous rudimentary 
parthenogenesis among three different commercial lines within the Dark Cornish breed of chickens, i.e., 
they found that the hereditarily determined variability of predisposition to rudimentary parthenogenesis 
established in turkeys (Olsen and Marsden, 1954a) is also observed in chickens. In freshly laid eggs of 
three lines of the Dark Cornish breed (A, B, and C), 100, 66, and 43% parthenogenetic development was 
found, respectively. A total of 128 eggs was analyzed, and the initial frequency of parthenogenesis in all 
three lines studied was an average of 57% ; however, after 9-10 days of incubation parthenogenetic develop- 
ment was observed in only 1.2% of the eggs. This was also confirmed by the data of Kosin (1945), accord- 
ing to whom rudimentary parthenogenesis in chicken occurs with a sufficient frequency, but it can be de- 
tected only for a short time after the eggs were laid. 

Data on the fact that lines with different levels of parthenogenetic development in the eggs laid can be 
obtained by selection from the same breed of chickens (in this case Dark Cornish) were also cited quite 
recently in the work of Sarvella (1970). She showed that in some lines parthenogenetic development some- 
times reaches the stage of formed embryos; however, their frequency never exceeded 1% even in the line 
with a high general level of abortive parthenogenesis (40-50%). 

There is now information on the production of well-developed parthenogenetic embryos and chickens 
in individual cases. Kosin et al. (1958) found one chick in 1022 unfertilized eggs that hatched on the 23rd 
day and died after 8 days; one chick that died in the shell on the 23rd day; and one embryo that died on the 
8th day of incubation. 

Olsen et al. (1968a) also described embryos that developed up to the 22nd day and died in the shell 
(Fig. 2). A total of 7680 eggs were studied macroscopically in their experiments. In analysis on the 10th 
day of incubation, parthenogenetic development was noted in 384 eggs (5%). Unfortunately, we have never 
been able to find indications of the sex of these parthenogenetic embryos and chicks. 

In one of the latest studies. Sarvella (1970) gives a description of a parthenogenetic individual of the 
Regional Cornell breed, which survived up to 10 months (Fig. 3). To confirm the conclusion of a partheno- 
genetic origin of this bird, an immunogenetic analysis was conducted, using reciprocal skin transplants 
between the chicken and its mother, as well as a genetic-biochemical analysis of the blood group and se- 
rum proteins in the same bird. The results obtained permit us to conclude that the mother and partheno- 
genetic offspring were immunologically identical. The parthenogenetic individual had the morphological 
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factors lying at the basis of this difference are obscure. Probably they should be sought in the details n{ 
the cytogenetic mechanism of parthenogenetic maturation and early cleavage. ' 

Cytology of Parthenogenesis 

An understanding of the cytogenetic mechanism leading to diploid parthenogenesis in turkeys is im 
portent both from the theoretical standpoint and in the practical aspect. However, this primarily neceT 
sitates a brief acquaintance with the specifics of the maturation of egg cells in birds 

In chickens and turkeys the changes associated with the final maturation of the ovum and expressed 
in breakdown of the amnion, occur during the last 24 h before ovulation. The first polar body is liberated 
before fertilization, 3-4 h before ovulation. The second division of maturation is completed after ovula- 
tion, after the penetration of the sperm, which also serves as a stimulus for the liberation of the second 
polar body (Olsen and Fraps, 1950). In chickens ovulation usually occurs 30 min after the laying of the 
preceduig egg. After ovulation and up to the moment of egg laying, during an approximately 24 h period 
the egg passes along different portions of the oviduct (Romanov and Romanova, 1959) There are data ' 
supporting the fact that the development of unfertilized eggs begins back in the body of the female (Olsen 
and Marsden, 1954a,b, c; Sato and Kosin, 1960). Most likely the restoration of diploidy also occurs there 
since "freshly laid" (1-3 h) parthenogenetic chicken embryos already had a diploid chromosome set 
(Kosin, 1945). 

There are not yet any clear data on whether prereduction or postreduction occurs in the divisions of 
maturation m birds. Therefore, we attempted to present the possible pathways of restoration of diploidy 
in such a way that the absence of these data would have no effect on the course of further discussions and 
subsequent analysis of the data on parthenogenesis. Theoretically we can consider four possibilities lead- 
ing to diploidy in the case of parthenogenetic development in turkeys, which, however, do not necessarily 
exclude one another (Poole and Olsen, 1957; Poole et al., 1963; Olsen, 1966a, b; 1967): 

A. Reduction division or liberation of a polar body during reduction division is suppressed, and the 
nucleus of the polar body fuses with the nucleus of the oocyte; equational division occurs in the 
usual way. 

Reduction division is completed, while equational division is suppressed. 

Meiosis is entirely completed; diploidy is restored either by the formation of a restitution nu- 
cleus (replication of chromosomes with subsequent doubling of their number without cytokinesis) 
or by fusion of blastomeres after the first division of cleavage. 

D. Both reduction and equational division of maturation occur, 
bodies is returned and "fertilizes" the ovum. 

Type A belongs to the ameiotic mode of restoration of diploidy, types B, C, and D to the meio- 
tic modes. A scheme of the possible pathways of production of diploid parthenogenesis is pre- 
sented in Fig. 4, A-D. 

Parthenogenesis and Sex 

It is evident that a selection among the analyzed possibilities can be made only on the basis of gene- 
tic and cytogenetic analysis of parthenogenetic progeny, and in particular, on the basis of its sexual com- 
position. Taking into consideration the female heterogametia of birds (? - ZW, <S- ZZ), it is not difficult to 
calculate (see Fig. 4) that the first of the analyzed alternatives A will lead only to the appearance of 
parthenogenetic females. The alternative D should give a ratio 1 ZZ: 4 ZW (under the condition that the 
class WW is lethal and fusion of the pronucleus with any of the three polar nuclei is equally probable). How- 
ever, as was indicated above, thus far not one parthenogenetic female or parthenogenetic embryo of the 
female sex has been obtained in turkeys. Thus, on the basis of data on the sex composition of partheno- 
genetic progeny, the role of the "reduction" polar body in the restoration of diploidy can be entirely ex- 
cluded, i.e., there is no possibility of parthenogenetic maturation according to schemes A and D (see Fig. 

On the other hand, there are some immunogenetic, genetic, and cytological data indicating the 
plausibility of the other two pathways (B and C). We should take them up in greater detail. The evidence 
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Fig. 4. Scheme of possible pathways of restoration of diploidy and behavior of the sex 
chromosomes during parthenogenetic development in the case of female heterogametia 
(ZW ?). 1) Oogonium; 2) prophase of meiosis (tetraploid cell). A) Diploid ameiotic 
parthenogenesis with suppression of reduction division: a) noncompletion (or absence) 
of reduction division; b) restoration of tetraploidy; c) equationai division; d) division of 
cleavage of the diploid ovum, formation of a female embryo. B) Diploid meiotic partheno- 
genesis with suppression of equationai division: a) noncompletion (or absence) of equa- 
tionai division; b) restoration of tetraploidy; c) reduction division, chromosome disjunc- 
tion, formation of diploid (WW or ZZ) ova; d) divisions of cleavage: origin of male 
embryo (ZZ) or death of embryo with WW set (L represents lethal). C) Normal pathway 
of origin of haploidovum and meiotic (automictic) diploid parthenogenesis; a) reduction 
division (the W chromosome goes off in the polar body); b) equationai division with for- 
mation of a haploid pronucleus Z ; c) division of cleavage of a haploid ovum , haploidy 
with a lethal result; d) restoration of diploidy by fusion of the first nuclei of cleavage or 
by the formation of a restitution nucleus; e) diploid embryo ZZ; f) cleavage of diploid 
cells with the formation of a male ZZ embryo. C ! ) The same process as in case A, but 
departure of the Z chromosome in the polar body leads to the formation of a W pronu- 
cleus and to a lethal result in the case of restoration of diploidy and the formation of an 
embryo with the formula WW. D) Diploid meiotic parthenogenesis. Restoration of dip- 
loidy by "fertilization" with a polar body: a) reduction division; b) equationai division; 
c) possible formulas of sex chromosomes after fusion of ovum with the nucleus of one of 
the polar bodies. From the scheme it is evident that in the presence of female hetero- 
gametia, the appearance of parthenogenetic progeny is possible only if reduction divi- 
sion or "fertilization" by a reduction polar body (A, D) drops out; the remaining path- 
ways of diploid parthenogenesis (B. C, and C f ) lead to male progeny. If parthenogene- 
tic development is accomplished only along pathway B or C, there is unisexual-male or 
arrhenotokic parthenogenesis. Pathway A gives only unisexual-female, or thelytokic 
parthenogenesis. The combination of A with B or C, as well as scheme D, gives dip- 
loid deuterotokic (bisexual) parthenogenesis. 

of permissibility of pathways B and C is based on the mechanisms of the redistribution of genes of tissue 
compatibility in the case of parthenogenesis and on the appearance of these genes in the phenotype of the 
corresponding individuals (Poole et. al, 1963; Poole, 1965). The working hypothesis and experiments per- 
taining to this consist of the following. 

On the basis of the genetic principles of transplantation immunity, when pieces of skin are trans- 
planted, the tissues of the donor can take only when the recipient is carrying the entire set of tissue com- ■ 
patibility genes present in the donor. If we ass ume that the rest oration of diploidy occurred by the appearance 
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Fig. 5. Scheme explaining the 
appearance of heterozygous 
parthenogenetic individuals in 
the case of occurrence of reduc- 
tion division and delay of equa- 
tional division. Crossing over 
preceded the divisions of matu- 
ration. 



of a restitution nucleus or fusion of the blastomeres after the first 
division of cleavage of the haploid pronucleus (Z), the partheno- 
genetic turkeys (ZZ) should be homozygous with respect to all the 
genes of tissue compatibility. The F t progeny from crossing of 
such a parthenogenetic male with, some female will carry tissue 
compatibility antigens , determined both by the genotype of the father 
and by that of the mother. However, in a homozygous parthenogene- 
tic male there will be no such genes, and, consequently, the antigens 
of tissue compatibility that were not present in its progeny will also 
not be present. Thus, if parthenogenetic males are used as donors, 
and their F t progeny are used as recipients, in the opinion of the 
authors, survival of skin grafts in 100% of the cases should indicate 
that the male donor is actually homozygous with respect to the cor- 
responding genes and that parthenogenetic maturation and diploidi- 
zation occur according to scheme C. On the contrary, rejection of 
the transplant will indicate heterozygocity of the male with respect 
to certain genes and, consequently, another pathway of restoration 
of diploidy. 



On the basis of such considerations, Healey, Olsen, Poole, 
and others (Healey et al., 1962; Poole et al., 1963; Poole, 1965; 
Olsen, 1967) conducted a series of experiments on the transplanta- 
tion of skin from parthenogenetic turkeys to their Fj progeny. In 
most cases, after some time rejection of the transplant was obser- 
ved. The authors arrived at the conclusion that immunogenetic 
analysis indicated heterozygocity of the "parthenogenes " at least 
in part of the loci. In addition to immunogenetic analysis, Olsen (1966a, b) conducted a genetic analysis of 
the progeny of three parthenogenetic turkeys, which theoretically might have been heterozygous with re- 
spect to genes of feather color. Crossing analyses were conducted. Two birds (233 offspring were studied) 
proved homozygous, while one (137 offspring were studied) proved heterozygous with respect to the inves- 
tigated locus. The heterozygocity of the homogamete sex in the cases analyzed can be explained by the 
assumption that diploidy was restored as a result of nonliberation or "return" of the polar body after equa- 
tional division, when the reduction division had already been completed (see Fig. 4,b); moreover, the 
occurrence of meiosis was preceded by crossing over in the female (Olsen, 1966a, b, 1967). The presence 
of crossing over in female birds (hens) was also indicated by Serebrovskii (1926). This discussion is illus- 
trated by Fig. 5. For the color genes Olsen still does not exclude the possibility of translocation. An 
answer to the question of precisely what is the mechanism of the origin of heterozygocity might have been 
obtained in a further genetic analysis of the progeny of the heterozygous male, but such an analysis evi- 
dently was not conducted. 

It is not difficult to see that, taking into consideration the sexual composition of the parthenogenetic 
progeny (only males), the probable mechanism of the restoration of diploidy does not exclude alternatives 
C (see Fig. 4, D)— the formation of diploid restitution nucleus in the first division of the pronucleus or fu- 
sion of blastomeres at the early stages of division of cleavage of the haploid egg cell. A confirmation of, 
this can be seen in the results of the studies of Sato and Kosin (1960). They conducted a cytological analy- 
sis of the tissue of parthenogenetic embryos and detected polyploid and binuclear cells among them. Binu- 
clear cells appeared during karyokinesis in the absence of cytokinesis. Moreover, islands of haploid cells 
were observed. In treating their results, Sato and Kosin arrive at the conclusion that haploid eggs that 
began parthenogenetic development restore diploidy at the early stages of cleavage. If the fusion of the 
cells does not occur immediately after the first cleavage, haploid — diploid mix opioids arise, in which both 
haploid and diploid cells will be encountered. The presence of such mixoploidy may explain the high death 
rate during early embryogenesis in the case of parthenogenetic development (Sato and Kosin, 1960). How- 
ever, if diploidy was restored after the first division of cleavage, and subsequently development occurs 
without any cytological deviations or if the diploid cells continue to reproduce while the haploid cells cease 
further division and die (are resorbed), then the appearance of diploid homozygous parthenogenetic males 
is possible, as it follows from Fig. 4, C. Thus, the experimental data indicates that in turkeys partheno- 
genesis occurs with a restoration of diploidy according to the schemes analyzed in Fig. 4, B, C. 
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Cyt ology of Parthenogenesis and Frequency of Successful 
pa rthenogene tic Development 

The cytological mechanisms lying at the basis of diploid parthenogenesis in chickens and turkeys are 
evidently directly related to the theoretically possible frequency of complete parthenogenetic development. 
Actually, if the restoration of diploidy occurs by suppression of equational division of maturation, with a 
conservation of reduction division or by a restoration of diploidy in a haploid ovum by the formation of a 
restitution nucleus or fusion of blastomeres (see Fig. 4, C) then the chromosome composition of the diploid 
parthenogenetic progeny should be dual: ZZ + A A and WW + AA; moreover, the probability of appearance 
of each class is equal to 0.5. By analogy with Drosophila and Bombyx, we might think that the WW + AA 
embryos, for which the Z chromosome, which is known to carry genetic material, is absent, are nonvi- 
able and die at very early stages of development. From this it follows that even if all or almost all the 
eggs begin parthenogenetic development, the number of successfully developing embryos will never exceed 
50%. 

We have succeeded in finding facts in the literature that confirm such considerations to a definite de- 
gree. This pertains primarily to the Beltsville Small White breed of turkeys. It has already been indi- 
cated that after selection the frequency of prolonged and relatively successful parthenogenetic development 
was increased to an average of 45% (Olsen, 1965a). The eggs were tested for the presence of partheno- 
genesis on the 7th to 10th day of incubation, and it might be thought that up to such a late stage there should 
be only ZZ embryos. Consequently, we might expect that in an investigation of the eggs just laid, i.e., at 
the stage when WW embryos have not been screened out, parthenogenesis will be detected in approximately 
90% of the eggs. And actually, Olsen (1965b) found nucleus -containing cells (i.e., the beginning of cleav- 
age) in more than 90% of fertilized eggs of the Beltsville Small White breed, selected for parthenogenesis. 
Kosin and Sato (1960) found parthenogenetic cleavage in approximately 80% of unincubated turkey eggs; how- 
ever, only about 30% of the eggs showed an ability for further development during incubation. 

The quantitative material that we were able to use to confirm our considerations is still small. How- 
ever, it merits attention, since it permits us to expect that breeds of chicken among which almost 100% of the 
unfertilized eggs spontaneously enter a pathway of rudimentary parthenogenetic development, the frequency 
of which will drop below 50% during further development, may be encountered. The lethality of the parthe- 
nogenetic embryos WW + A A causes a screening out of half of the parthenogenetically developing eggs at 
the early stages of development and makes 50% the theoretical "ceiling" for the yield of developing 
parthenogenetic individuals. Their yield cannot be raised above this level (with any method of restoration 
of diploidy) by any selection for parthenogenesis. Evaluating the data of Olsen on 12-year selection of the 
Beltsville Small White breed of turkeys for parthenogenesis in the light of these considerations, we might 
think that further selection work will scarcely raise the total frequency of parthenogenetic development as- 
certainable on the 7th to 10th day here above the already achieved 40-45%. From Fig. 1 it is evident that 
the curve of the frequency of parthenogenesis reached this "plateau " in 1958-1960; during the following 
three years selection gave no appreciable increase in the total frequency of parthenogenesis. Probably 
the further successes of selection will lie only in increasing the fraction of complete parthenogenesis (i.e., 
sexually mature males) among unfertilized eggs that have begun their development, since the maximum 
(100%) theoretically possible total frequency of rudimentary spontaneous parthenogenesis has already been 
reached. 

Cytology of Parthenogenesis and Sex in Animals with 

Female Heter ogametia 

The cytogenetics of parthenogenetic development is closely associated with the chromosome mecha- 
nism of sex determination, and therefore we consider it essential to clarify this aspect in greater detail. 

Comparison of Parthenogenesis in Birds and Butterflies . In connection with this it is especially 
interesting to compare the data obtained on turkeys with the data on the mulberry silkworm, the mecha- 
nism of the parthenogenetic development of which is well known. This comparison is all the more justi- 
fied in that in both cases we have animals with female heterogametia ($ ZW, cf ZZ). 

The cytogenetic mechanism of spontaneous parthenogenesis in turkeys and in mulberry silkworm are 
very similar. With a constantly observed spontaneous rudimentary parthenogenesis in the mulberry silk- 
worm, very rare cases of complete parthenogenetic development, as a rule, lead to the appearance of 
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homozygous males. In this case the oocyte passes through both divisions of maturation, and partheno- 
genetic cleavage begins in half the cases with a haploid set Z + A and in the other half with the set W + A. 
In very rare cases , when at the very beginning of haploid development there is a restoration of diploidy by 
means of fusion of haploid blastomeres or by other means in the haploid egg cell, diploid embryos ZZ + AA 
are viable and give males, while embryos WW + A A die. In the silkworm, in the case of spontaneous 
parthenogenesis after the first (reduction) division of maturation, the polar body sometimes participates 
in the restoration of diploidy, or reduc tion division is eliminated entirely, and this leads to the appearance of 
heterozygous females (Astaurov, 1940, 1967, 1968). In the turkey, as we have already seen, this has nev- 
er been observed. Thus, both in the silkworm (in the overwhelming majority of cases) and in the turkey 
(apparently always) rudimentary spontaneous parthenogenesis is meiotic and haploid, while the occasional 
complete parthenogenesis arising on the basis of it is achieved by fusion of haploid nuclei or their nonsepa- 
ration after replication of the chromosome set and, consequently, is as a rule automictic and diploid or 
mixoploid . 

The cytogenetic processes that occur during the restoration of diploidy may be the source of various 
aberrations and anomalies of morphogenesis in the silkworm. Jn particular, depending on whether dipioid- 
ization occurred at the very beginning of parthenogenetic development (during the divisions of maturation 
or the first division of cleavage) or whether it is completed at the later stages of cleavage, restoration of 
diploidy may pertain to all or only part of the nuclei of cleavage and their derivatives, and in the latter 
case may lead to mixoploidy of the type lx + 2x, and subsequently lx + 2x + 4x or to 2x + 4x, and even more 
complex cases. In the mulberry silkworm, such mixoploids, and possibly also aneuploids and other cyto- 
logical aberrants, precisely supply the bulk of the abortive parthenogenetic embryos that died at the ear- 
liest stages of embryogenesis . As we have already noted, it is extremely possible that the same thing 
occurs in the turkey. We might also expect that, as is observed in the mulberry silkworm (Astaurov, 
1966a, b; 1968, 1969a, b), automictic processes in the turkey can lead to higher degrees of ploidy than 2x, 
and to the appearance of 2x + 4x mixoploids or even complete 4x tetraploids. 

On the whole , the similarity between spontaneous rudimentary (incipient) and accidental complete 
parthenogenesis in the mulberry silkworm, on the one hand, and in the turkey, on the other, is very great. 
The difference lies in the fact that the parthenogenetic progeny obtained for the turkey is always only of the 
male sex (arrhenotokic parthenogenesis), while in the silkworm the parthenogenetic progeny are both of 
the male (far more often) and of the female (rarely) sex, i.e., spontaneous parthenogenesis is deutero- 
tokic here. According to the data of Olsen (1965a), in a three-year period (1961-1963), among 24,485 tur- 
key eggs investigated, there were 55 cases when parthenogenetic chicks reached sexual maturity. The 
frequency of complete spontaneous parthenogenesis was 2.2 • 10" 3 in this case. In the silkworm the fre- 
quency of complete spontaneous parthenogenesis is two orders of magnitude lower, 1 - 10" 5 (Astaurov, 
1968). However, this difference can be explained by the fact that in the case of the turkey this frequency 
pertains to a line selected for parthenogenesis, while for the silkworm the average frequency for all the 
material is indicated here. 

Of course, it is not at all obligatory that the cytogenetic mechanism of spontaneous or artificial 
parthenogenesis (if such parthenogenesis is found or produced) in other species of birds always be the same 
as the mechanism of spontaneous parthenogenesis in turkeys. That this is actually so is clearly shown by 
investigations of parthenogenesis in the mulberry silkworm, where within one single species of animals, 
and even within the limits of the natural form of parthenogenesis (spontaneous rudimentary), different cyto- 
genetic mechanisms of parthenogenetic maturation can be seen. As is well known, thermal artificial par- 
thenogenesis in the silkworm, in contrast to the spontaneous process, occurs not according to the meiotic 
(automictic) but according to an ameiotic type with a single equational division of maturation, and corre- 
spondingly leads to the appearance not of males, but only of females. A small admixture of females, as we 
have already stated, is also observed in the case of spontaneous rudimentary parthenogenesis, and the 
possibility remains that their appearance is also due to an ameiotic mechanism of maturation. 

The natural constant parthenogenesis encountered in many divisions of the animal kingdom is thely- 
tokic (unisexual-female) in the overwhelming majority of cases, and only very rarely deuterotokic 
(bisexual). Now only under the condition of the appearance of females can parthenogenesis serve as a nor- 
mal mode of reproduction. This form of reproduction takes on special biological profitability when the 
entire population becomes unisexual -female, doubling its reproductive potential, and when this uni sexuality 
is achieved on the basis of ameiotic parthenogenesis, which in a number of cases permits a constant con- 
servation of heterozygocity and heterosis. The rather high probability of the appearance and evolutionary 
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reinforcement of this form of parthenogenesis is shown by a somewhat unexpected discussion of it in such 
highly organized vertebrates as reptiles. 

Abortive Parthenogenesis in Birds and Natural Parthenogenesis in Reptiles. If we do not consider 
natural gynogenesis in fishes and amphibians (the goldfish, Carassius auratus var. Gibelio and certain 
species of the family Cyprinodontidae among fishes and certain species of salamanders of the genus 
/mbystoma among amphibians) as parthenogenesis, then reptiles are the only class of vertebrate animals 
f5f^nc¥functional natural thelytokic (unisexual- female) parthenogenesis is known. 

The discovery by Darevskii (1958) of diploid thelytokic parthenogenesis in the family Lacertidae in 
several species of Caucasian rock lizards of the genus Saxicola was unexpected and was a unique sensa- 
tion. However, now the number of descriptions of parthenogenesis among lizards is increasing rapidly 
(Darevskii, 1971), and we can expect further surprises with respect to parthenogenesis of reptiles. After 
the lizards of the Old World, diploid and triploid thelytokic parthenogenesis was also discovered among 
lizards of the New World - in a number of species of the genus Cnemidophorus from the family Teiidae, 
inhabiting Central America (Maslin, 1962a, b), and recently indications appeared of the presence of parthe- 
nogenesis in Agamidae, Gekkonidae, Xanthusiidae, and Chameleonidae (Darevskii, 1971). 

Reptiles are phylogenetically close to birds and close in type of reproduction and development as 
well (laying of large eggs, rich in nutrient reserves, which develop outside of the mother). Therefore, 
any data on parthenogenesis in reptiles are of interest for the discussion of the question of parthenogene- 
sis in birds. In particular, such facts as the presence of thelytokic constant-heterozygous clonal parthe- 
nogenesis in reptiles or the partial presence of polyploidy in parthenogenetic lizards of the family Teiidae 
( in any case, triploid forms [Pennock, 1965])can be considered as evidence in support of the fact that we 
have the right to hope for the possibility and feasibility of thelytokic parthenogenesis and polyploidy in 
birds as well. 

The genetics and cytology of parthenogenesis in lizards have still been far from exhaustively studied; 
however, recently a number of data clarifying these aspects of the problem havebeen obtained (Uzzell, 1970) 

On the question of the genetic mechanisms of sex determination in lizards, there are both data in 
support of female homogametia (Cole et al., 1969; Cole, 1970), and indications of the presence of female 
heterogametia (Makino and Asana, 1948; Gorman et a 1. , 1969; Beatty, 1970). 

In view of attempts to use the method of skin transplantation on birds to understand the cytogenetics 
of parthenogenesis, it is interesting to note that Maslin (1967) used this immunogenetic method for the 
study of the genetic and phylogenetic relationships among a group of close species of lizards of the genus 
Cnem idophorus, within which parthenogenetic diploid and triploid forms and populations are known. Ex- 
periments with skin transplantation indicated genetic identity of individuals within the same population and, 
in definite cases, closeness (and possibly even identity) among different populations. On the basis of ex- 
periments with reciprocal transplantations, Maslin shows that diploid and triploid parthenogenetic forms 
are phylogenetically related. Later (Lowe et al., 1970), genetic data were obtained on Cn. sonorae, con- 
firming such a possibility. The genetic identity of individuals from the same population, as is believed by 
Maslin (1967, 1968), may be a consequence of ameiotic and (in the case of prolonged inbreeding) meiotic 
parthenogenesis. Moreover, for the triploid species Cn. uniparens, in his doctoral dissertation (Repro- 
duction in Parthenogenetic Lizard Cn. uniparens) , Maslin described the cytology of parthenogenesis, in 
which the somatic chromosome set was preserved as a result of premeiotic doubling of the original set. 
He arrived at the extremely plausible conclusion that during oogenesis, before the cells enter meiosis, 
there is a doubling of the somatic chromosome set by endoreplication <3x - 6x). Subsequently the cells 
pass through the cycle of meiosis and both divisions of maturation in the usual way, as a result giving a 
triploid ovum ready for parthenogenetic development (6x - 12x - 6x — 3x). Uzzell (1970) gave a detailed 
summary and analysis of the possible cytological mechanisms of gynogenesis and parthenogenesis. He 
analyzes six possible pathways of these processes, five of which are applicable to parthenogenesis in 
lizards: 1) premeiotic mitosis without cytokinesis (cytokinesis is suppressed in the last premeiotic cyto- 
sis). The sister chromosomes behave in meiosis as pseudobivalents, and meiosis proceeds normally. 
As a result of the doubling of ploidy before meiosis, eggs with a somatic chromosome set are produced; 
2) ameiosis (complete suppression of meiosis); 3) suppression of the first meiotic division; 4) suppres-^- 
sion of the second meiotic division; 5) suppression of the first postmeiotic mitosis. 

Analyzing parthenogenesis in lizards, Uzzell (1970) arrives at the conclusion that most of the unisexual 
species are probably constant heterozygotes, which is of great adaptive significance because of the great 
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evolutionary value of heterozygotes in natural populations. In view of this, Uzzell is inclined in favor of 
the idea that the first three of the cytological mechanisms indicated above are most probable in lizards 
As has already been discussed,the first of these mechanisms received cytological demonstration in the * 
work of Maslin. Zygotic fusion of the nuclei (fifth mechanism) is considered improbable by Uzzell for 
cases of hereditary parthenogenesis in nature, as this method leads to a high level of homozygocity. How- 
ever, he does not exclude the fourth and fifth mechanisms of parthenogenesis entirely. 

The sexual composition of the parthenogenetic progeny of lizards and birds shows that the observed 
differences (9 for lizards, 0* for turkeys) undoubtedly are based on different cytogenetic mechanisms of 
parthenogenesis. The appearance of cytogenetic mechanisms in reptiles, leading to thelytokic partheno- 
genesis, should have been one of the necessary prerequisites for fixation by selection of thelytokic parthe- 
nogenesis as a normal form of reproduction. The data on female homogametia in certain species of the 
genus Cnemidophorus (Cole et al. , 1969) make all five types of parthenogenesis theoretically permissible 
for such species. Evidently in forms with female homogametia, with any mode of maturation of the egg 
cell, parthenogenesis remains thelytokic. Thus, in species with female homogametia the chances for 
evolutionary utilization of parthenogenetic reproduction are higher because of the larger number of cyto- 
logical pathways leading to the necessary result for this - the appearance of unisexual-female progeny. 

As for the birds, female heterogametia creates hindrances not only for the fixation of parthenogene- 
sis in nature, but also for the experimental production of this mode of reproduction in domestic fowl. 
However, these difficulties should not be considered as absolute and insuperable barriers which we have 
already ascertained for the example of butterflies, where, despite female heterogametia, thelytokic 
parthenogenesis is achieved without any special difficulty, both experimentally (thermal parthenogenesis 
of the mulberry silkworm) and in nature (members of the family Psychidae). 



Possible Causes of Rudimentary Parthenogenesis in 
Birds and the Role of Viruses 



Rudimentary abortive parthenogenesis is a very widespread phenomenon, in all probability, en- 
countered in all divisions of the animal kingdom, in particular, in animals with large eggs, rich in stored 
nutrients, such as: fishes, amphibians, reptiles, and the birds especially considered here (Astaurov, 
1940, 1951). Any ovum before fertilization represents a system in which processes of development are 
only temporarily inhibited. It can be imagined that for such a system to begin to develop without fertili- 
zation, a simple weakening of the forces holding back development (weakening of the block) will be suffi- 
cient and then various negligible random fluctuations of the state of the system take on the significance 
of starter mechanisms or prompting stimuli, which unloose the forged motive forces of development. In 
this sense the term "spontaneous parthenogenesis" is quite justified, and there is scarcely any basis for 
seeking special causes for the appearance of rudimentary natural parthenogenesis. Nonetheless, the 
possibility remains that certain special conditions may promote weakening of the block and play the role 
of specific stimulators or even causes of abortive parthenogenesis. 

For example, it has been hypothesized that in the turkey a definite role may be played by hormonal 
changes in the female organism. This is supported by certain experimental facts. Thus, the frequency 
of parthenogenetic development in the eggs of two groups of females has been compared. In one group 
the birds were kept in cages in isolation from one another to the extent that they could neither see nor 
hear males. In another group the birds were also kept in isolation, but they could both see and hear other 
turkeys. It was found that the frequency of parthenogenetic development in the second group was statis- 
tically significantly higher than in the first. The authors conclude that in this case hormonal factors 
might be responsible for the activation of parthenogenesis (Olsen and Marsden, 1954a). 

In connection with the causal determination of spontaneous parthenogenesis in birds, studies indi- 
cating a predisposing factor of certain viruses to parthenogenesis are of definite interest. Such data have 
been obtained for the viruses of chicken pox (Olsen, 1956), Rous sarcoma (Olsen, 1961), Newcastle dis- 
ease, and chicken lymphomatosis (Olsen and Poole, 1962; Olsen, 1966b). It has been shown that infec- 
tion of laying hens with these viruses increases the frequency of parthenogenetically developing eggs. 
This has been noted both for turkeys and for chickens. In giving an explanation for the results obtained, 
Olsen (1956) treats them very cautiously and does not draw any categorical conclusion that precisely the 
virus is the inducer of parthenogenesis. He assumes that the action of the virus (or agent accompanying 



106 



it ) is exerted in those cases when there is already a hereditary predisposition to parthenogenetic develop- 
ment. As for the mechanisms of the action of viruses, the data on this aspect are insufficient, and there 
are no hypothesis. It seems possible to us that the viruses disturb the integrity of the cell membranes, 
as has been shown for Sendai virus in a culture of mammalian cells (Bukrinskaya and Zhdanov, 1961- 
Okada, 1962), and the probability of fusion of blastomeres is thereby increased. Then the role of the 
viruses would be reduced to increasing the frequency of restoration of diploidy. The results of the action 
of viruses on a line of turkeys selected for a high frequency of parthenogenetic development should be of 
interest from this standpoint. If our hypothesis on the mechanism of viral action is correct, then at the 
corresponding "dose" of the virus, the frequency of complete parthenogenesis should increase. In sup- 
port of our hypothesis on the mechanisms of "viral" parthenogenesis we might cite the facts reported in 
the work of Olsen and Buss (1967). The work was conducted on turkeys of the Pozo Gray breed. A total 
of 32 turkeys (sisters from one pair of parents) comprised two groups, which were used as the basis of 
two stocks, subjected to selection for a high frequency of parthenogenesis for a period of five years. 
The birds of one stock were vaccinated twice with fowl pox virus, at the ages 6-8 and 30-32 weeks. " The 
other group served as an intact control. It was found that the frequency of parthenogenesis of the "un- 
organized" type does not depend on the presence of the virus. During selection in the first group partheno- 
genesis rose from 4 to 21% , and in the second from 1.1 to 18.6% . At the same time, no formed embryos 
w ere found in the second group, while in the first there were 22 of them in five years of observations. 
On the basis of these results the authors arrive at the conclusion that virus infection may increase the 
relative fraction of "organized" parthenogenesis without influencing the total frequency of rudimentary 
parthenogenesis. Subsequently Olsen (1967) refined the results: an increase in the fraction of formed 
embryos was observed chiefly in experiments with fowl pox virus (a DNA- containing virus), whereas the 
other two viruses studied -Rous sarcoma and Newcastle disease (RNA- containing viruses) - increased 
the frequency of cases of "unorganized" growth. 



CONCLUSIONS 

Hence, spontaneous diploid parthenogenesis has been found in birds. A substantial fraction of the 
investigations were conducted on turkeys, and a smaller number on chickens. By selection over 10 gen- 
erations within the Beltsville Small White breed of turkeys, a line of birds giving about 45% parthenogen- 
esis has been produced. The high predisposition for parthenogenesis in this breed prompted selection for 
this property. In chickens the highest frequency of parthenogenetic development has been found in the 
Dark Cornish breed; within the same breed successful selection for increasing the frequency of partheno- 
genesis is being conducted. The results obtained give a basis for considering the ability of turkeys and 
chickens for rudimentary parthenogenesis as hereditarily determined. The property of parthenogenetic 
embryos of more or less prolonged development in an incubator until relatively late stages is also hered- 
itarily determined. In the latter respect there is an important difference between turkeys and chickens. 
In chickens, with individual exceptions, parthenogenetic development does not go farther than the very 
first steps, and unfertilized eggs are incapable of continuing their development in an incubator. Among 
turkeys of the Beltsville Small White breed, not only adult parthenogenetic individuals - always males 
(arrhenotokic parthenogenesis) -but also progeny from them have been obtained. 

On the basis of the sexual composition of the parthenogenetic progeny, and also using the data of 
immunogenetic, genetic, and cytological analyses, a conclusion has been drawn on the cytogenetic mecha- 
nism of diploid parthenogenesis in turkeys. In turkeys parthenogenesis is of the meiotic type. 

In birds the first division of meiosis occurs before ovulation, the second after ovulation. Partheno- 
genetic development probably begins while still in the body of the female, i.e., the eggs are laid already 
with an embryo. Data were obtained in support of the fact that certain viruses can increase the relative 
frequency of formed embryos among eggs that have begun parthenogenesis. 

As is shown by the example of complete arrhenotokic parthenogenesis in the turkey, more develop- 
ed forms of parthenogenesis can also arise on the basis of spontaneous parthenogenesis in birds. It is 
extremely possible that such results can be obtained by selection in other birds as well, in particular, in 
chickens. A comparison of the parthenogenesis of birds with the parthenogenesis that occurs in other 
animals with female heterogametia (mulberry silkworm, lizards) permits us to hope that artificially (and 
possibly, even detected in rudimentary form) not only arrhenotokic , but also unisexual-female (thely- 
tokic) parthenogenesis can be produced in birds. The possibility remains that, as occurs in silk raising, 
parthenogenetic reproduction will take on great practical interest for poultry raising in connection with the 
solution of certain selection-genetic problems. One of us (Astaurov, 1962, 1963, 1966a) has already 
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noted that parthenogenesis in birds may be a means of sex regulation. It can also be indicated that in the 
development of parthenogenetic males by fusion of blastomeres, recessive genes are brought into the 
homozygous state, and this may simplify and expand the possibilities of methods of analysis of progenitors 
in poultry raising. Oai the basis of the use of arrhenotokic parthenogenesis, highly homozygous "pure" 
lines can be created. Of course, the production of thelytokic (unisexual-female) parthenogenesis in birds 
would be most interesting. 

These possible practical outcomes should stimulate further work in the field of the study of partheno- 
genesis in birds. 
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vitamin A (6600 I.U./kg-) or a deficient level (330 
I.U./kg.). Broilers were sacrificed at 4, 6, 8, and 10 
weeks of age while the S.C.W.L. were autopsied at 
6, S and 9 weeks. Blood samples were taken and 
body, testicular and pituitary weights were mea- 
sured in all birds. Weights of the comb and bursa 
Fabricius were also obtained in the S.C.W.L. 
Plasma testosterone levels were measured and go- 
nadotroph^ (GTH) content of the pituitaries 
bioassayed by the K P uptake of chick testes. 

Vitamin A deficiency did not affect body weight 
or pituitary weight, although the GTH content 
was significantly elevated in the 6 week old 
S.C.W.L. An increase in testicular weight was evi- 
dent at 8 and 10 weeks in the broilers and at all 
autopsy stages in the S.C.W.L. Increased comb 
weight and decreased bursa Fabricius weight in the 
S.C.W.L. indicated increased androgenic response 
in vitamin A deficient birds. However, reduced 
plasma testosterone levels in the deficient birds 
suggested that either lowered levels of vitamin A 
result in enhanced testosterone uptake by tissues 
or that significant quantities of androgens other 
than testosterone are being secreted. 

THE INFLUENCE OF VITAMIN A 
DEFICIENCY ON COMB AND 
TESTES SENSITIVITY TO 
HORMONAL STIMULATION 
IN COCKERELS 

P. H. Sammelwitz 
Department oj Animal Science and Agricultural 
Biochemistry, University oj Delaware, 
Newark, Del 19711 
C. F. Nock els 
Department oj Avian Sciences, 

AND 

M. L. Hopwood 
Department of Physiology and Biophysics, 
Colorado State University, 
Fort Collins, Colo. 80521 

S.C.W.L. cockerels were maintained on either a 
vitamin A adequate or deficient diet (6600 and 
330 I.U.Ag. ration respectively). At three and five 
weeks of age birds from each treatment received 
daily intramuscular injections of 0, 10 or 20 of 
testosterone in sesame oil or 0.5 or 1.0 mg. of 
crude chicken pituitary extract (C.P.E.) in physio- 
logical saline for either four or eight days. Birds 
were autopsied 24-48 hours after the last injection. 
Body weights were recorded along with weights of 
the pituitary glands, testes and combs. 

Uninfected and oil-injected control birds on the 
vitamin A deficient diet had significantly larger 



combs and testes than birds receiving adequate vi- 
tamin A. Ten \ig. of testosterone increased comb 
weight in all birds. Twenty ng. of testosterone de- 
creased comb size and weight in deficient birds 
while vitamin A adequate birds showed normal in- 
creased comb weight response. C.P.E. at 0.5 
mg./day increased testicular weight after four as 
well as eight days in the five-week-old vitamin A 
deficient birds, while 1.0 mg./day increased testic- 
ular weight only after eight days. A testicular 
weight response was not apparent in vitamin A 
adequate birds. This evidence suggests that vita- 
min A deficiency modifies the sensitivity of the 
comb to exogenous testosterone as well as the 
testes to crude avian gonadotropins. 

DEVELOPMENT OF PARTHENOGENESIS 
IN CHICKENS 

Patricia Sarvella 
Animal Science Research Division, U.S. 
Department of Agriculture, Beltsville, Md. 20705 

Virgin females from a line of Dark Cornish 
chickens selected for a high incidence of partheno- 
genesis produced eggs with 2.1% embryos, and 
over 63% with membranes in 1971. Twenty-four 
% of the hens produced at least one egg with an 
embryo. Cytological development was studied 
daily from 0 to 5 days of incubation and com- 
pared with fertile Dark Cornish and White Leg- 
horn eggs. Chromosome numbers in these eggs 
ranged from haploid to octaploid or higher with 
large egg to egg variation. In newly-laid eggs, 
some anaphases divided irregularly and metaphases 
were also abnormal. Eggs showed extreme scatter- 
ing and lagging of the chromosomes and many mi- 
cronuclei after one day of incubation. Estimation 
of the chromatin content was almost impossible. 
In contrast to the turkey eggs (Sarvella, 1970), 
this scattering of chromosomes appeared one day 
earlier. Embryos three days or older had more 
uniform chromosome counts, although micronuclei 
were present. In eggs with only membranes there 
was poor staining, and many lacunae were visible. 
Cells were observed in both the blastodisc of the 
chicken egg and between the vitelline membranes 
as in the parthenogenetic turkey eggs. 
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